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PREFACE

This report was prepared as Part II of a research program conducted by the
Douglas Aircraft Company, a Divisional Company of the McDonnell Douglas
Corporation, under Contract No. DOT-FA77WA-4019 for the Federal Aviation
Administration of the U. S. Department of Transportation. Until his
retirement Mr. Robert C. McGulre was Program Manager for the Federal Aviation
Administration and has been succeeded by Mr. Constantine P. Sarkos at the
Federal Aviation Administration Technical Center.

The report was divided into two parts: Part I described the improved
technology investigated to upgrade existin methods for testing the
flammability of aircraft cabin materials; Part ?I was prepared to satisfy the
needs of investigators who are interested in building up similar laboratory
test equipment and provides detailed operational procedures, computer data
acquisition and processing program listings, and detailed derivations of the
hazards analysis models used to rate cabin materials in fire by the common
denominator of passenger escape time potential.

A large number of McDonnell Douglas personnel in many related technical fields
made important contributions to the successful completion of the program.
These individuals have been acknowledged in the Part I Preface. In addition
to these individuals, Yolanda Cortez and Terry Johns deserve special thanks
for their work with the word processors used to complete the two reports.
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[. INTRODUCTION

Part I of this report presented the development and evaluation of the Combined
Hazards Index (CHI) methodology for ranking aircraft materials for their
collective combustion hazards.

Part II contains detailed descriptions of ancillary equipment and test
procedures needed to modify a standard Ohio State University Heat Release Rate
Calorimeter (OSU-HRR) into a laboratory test facility known as the Combined
Hazaras Analyses System (CHAS). A Single Animal Test System (SATS),
integrated with CHAS, is also described. Dimensions and operational details
are given for the specifically developed thermally insulated SATS and the
Multiple Animal Test (MATS) chambers. These were used in correlation studies
of large scale and laboratory scale animal incapacitation data reported in
Part I. The CHAS, a major part of the test procedures and the supporting
computer data processing programs, were developed prior to the CHI program.
The original work was done as part of the McDonnell Douglas Independent
Research and Development Programs in Fire Safety. This contribution greatly
aided the development of the more refined test procedures and protocols used
in the CHI program.

Part II provides all of the important details for use by those who wish to
delve deeper or assemble and operate similar laboratory or cabin size test
equipment. It should not be inferred, however, that strict adherence to the
assembly details and selection of equipment is a necessity. Experience has
shown that certain modifications to the chamber, use of fast response gas
monitoring instruments, and proper implementation of the computerized data
acquisition and reduction programs will improve materials hazards measurement
precision. Thus, other combustion product gas monitors having similar
operational characteristics with respect to speed of response sampling
volume, stability, etc., may be used. Some of the modifications to the
OSU-HRR may not be needed. Extension of sample hold chamber required to make
use of the mass loss unit with an auxillary air cooling system fall in this
category.

A simultaneous opening and closing mechanism for the upper and lower radiation
doors, closing off the hold chamber before and after injection of a sample,
will improve precision and repeatability of measurement. The listed data
acquisition and reduction programs are compatible only for use with the
Hewlett Package Model 9825A controller and bus operated data scanner, digital
voltmeter, clock, and a plotter.

Considerable modification of the programs will be required if other computer
systems are used, since the language will differ.

All of the gas monitors, pumps and the mass loss unit are commercially
available. The gas sampling system was assembled using standard parts. The
SATS, refractory radiation doors and the associated opening/closing mechanism.
adaption of the mass loss unit and cooling system on the sample injection
assembly, the housing for the gas sampling system smoke filter, and low
thermal capacitance, 10 X 10 inch, sample holders were custom built. The
smoke detector was also constructed using the schematic and parts specified in
the current OSU-HRR test procedure document under review by the ASTM.

-1-



Part I contains additional discussion and derivations forming the basis for
the hazards limit relationships, the Fortran coding, and output of the fire
analysis computer program. Other sections present supplementary information
on the composition of the panel materials tested, and large scale cabin fire
simulator test procedures and results.
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I. CHI LABORATORY EQUIPMENT AND OPERATION

LABORATORY TEST EQUIPMENT

The CHAS/SATS is comprised of four operational subsystems:

I. A modified Ohio State University heat release rate calorimeter modified
to measure rate of weight-loss of the sample as it burns, in addition to
heat and smoke.

2. A gas sample extraction and release rate monitoring train for CO, HCN,
C02, NO/NOx. 02 (Depletion), unburned hydrocarbons (CHx), and gas syringe
batch sampling of gases for which monitoring instruments are not
available (aldehydes, HF, HCI, etc.) and a capability for determining
release rates for seven additional toxic gases commonly generated by
cabin materials in fires.

3. A 10-channel data acquisition/reduction, calculator controller and
printer/plotter system and a formatter/tape unit needed to collect all
the release rate data in compatible form for use in calculating CHI using
the Fortran IV (IBM 370) Fire Analysis Computer Program (FACP).

4. An instrumented animal (rat) time-to-incapacitation (Ti) rotating wheel
mounted in an airtight plexiglas enclosure (SATS) connected to the gas
extraction system installed on the HRR calorimeter.

MODIFICATIONS rO THE OSU HRR CALORIMETER

The basic mechanical details and construction of the HRR equipment described
in References I and 2 have been preserved. The sample holder and injection
mechanism has been modified to accomodate a cage type cantilever mass loss
transducer (MLT) so that mass burning rates can be measured while the test
sample is burning in the HRR chamber. A photograph of this modification is
shown in Figure 1. Detail drawings of the sample holder/injection assembly
are presented in Appendix A, Figure A-1-1 through A-l-4. A wiring diagram for
the MLT is available in Appendix A, Figure A-2.

A new type of sample holder having minimum weight and thermal capacitance was
constructed to aviod overloading the MLT with 10 X 10 inch (25.4 X 25.4 cm)
samples mounted for testing. This holder is constructed so that a sample burn
both on the front and back surfaces, as could occur in an actual fire. The
holder dimensions and construction are shown in Appendix A, Figure A-3 . The
front sample holder support tube has provision for feedthrough of a
thermocouple to the center of the test specimen to monitor surface or interior
temperature while a material burns. Other modifications required to
successfully accommodate and use the MLT include a hold chamber extension
duct, Appendix A, Figure A-4, and single action opening refractory radiation
doors shown in Appendix A, Figure A-5. These radiation doors are constructed
of low thermal conductivity material so that the hold chamber temperatures may
be held at lower levels for each heat flux setting. Excess temperature rise
inside the insulated box housing the MLT must be prevented to avoid thermal
drift in the MLT baseline signal which reflects as an error in the weight loss
determination. The remaining baseline drift is easily corrected to zero weight

-3-
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loss in the computer data acquisition program after standardizing runs are
made. As shown in the Figure 2 schematic, a known constant flow of cool
(ambient.) air is introduced into the hold chamber to keep this area cooler
prior to a test run. Immediately after placing the sample holder MLT assembly
in the hola chamber, the 3 way valve must be turned to divert the airflow et
the same rate into the MLT housing to assure temperature stability. This
airflow (230 ft3/hr.), is included with the main airflow rate set for the
HRR chamber. It does not shift the thermal baseline set for the calorimeter,
since the air flows out of the MLT unit into the main chamber as part of the
total flow, and the baseline is taken after the air is diverted into the MLT.

A six position, neutral density filter wheel is mounted in front of the smoke
meter sensor housing to calibrate the smoke meter. This contains neutral den-
sity filters having optical density values of 0.1, 0.2, 0.3, 0.4, and 0.8 with
the sixth left blank for the test run.

GAS SAMPLING AND CALIBRATION SYSTEM - The gas sampling and monitoring system
(see schematic Figure 2) for the CHAS includes the following:

1. A 3/8" O.D. Teflon & (TFE) coated stainless steel (SS) gas and smoke
sampling probe installed through the side wail of the chimney using a
standard SS Swagelok bulkhead fitting.

2. A heated 248'F (120'C), heavy wall TFE gas distribution line conducts gas
flow through a valve directly into the animal test system (SATS). A
heated fiber glass smoke filter and acid gas scrubber system is connected
between the pumps and gas monitors.

3. A gas monitor calibration system consisting of span gas mixtures, pure
gases, and zero gas needed to adjust the monitors prior to a test run. A
valve controlled auxiliary gas supply from this calibration gas manifold
permits the operator to direct the flow of selected span gas mixtures
through the gas monitoring train, or by turning the 3-way valve, of pure
gases into the HRR chamber through a 1/4" perforated gas introduction
tube.

The HCN monitor is caliorated directly using a permeation tube heated oven and
flow control/mixing unit (Reference 3). HCN mixtures in compressed cylinders
are generally unstable for use; because of the reactivity of this gas with
cylinder walls, the concentration may change daily.

Standard flow control valves, flowmeters, SS tubing (0.25 in. x 0.026 in.
wall), TFE diaphragm pumps, 47 mm diameter filters, 50 ml syringes, standard
SS and TFE fittings, heating tapes and autotransformers, an electronic digital
timer, and TFE diaphragm pumps complete the gas sampling system.

A descriptive list of all monitors and parts for this system appears in the
Equipment List section of Appendix A.

rhe detection and quantitative accuracy of measurement of the individual gases
depends on maintaining the integrity of the sample. Care must be exercised to
prevent undue loss of the reactive gases, HF, HCl, HCN, aldehydes, etc. in the
tubing. Heated TFE lines, fittings and valves are used at critical locations
to reduce losses of the reactive gases by condensation or absorption up to the

-5-
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point at which they are sampled, while selectively removing the active
components (HF, HCl) that will damage the CO, CO2 , 02, and CHx gas
monitors downstream. Thus, a TFE "T" fitting with a septum is installed at
the gas sampling probe line close to the chimney to withdraw syringe gas
samples at timed intervals for HCI, HF, aldehydes and other gases not
monitored in real time. The smoke and acid gases are removed in tandem by the
heated 2 x 12 inches (50 mm O.D. X 30.48 mm) filter tube filled with fiber
glass and the acid gas glass (or SS) U-tube scrubber guarding the pump and the
real time gas monitors. By design, the OSU HRR Calorimeter divides the
airflow so that 75% of the total flows through the outer pyramidal section
(see schematic) and the remaining 25% flows upward over the burning test
specimen and exits from the inner pyramidal section into the chimney. The gas
sampling probe is positioned below the outlet of the inner pyramidal section
to avoid the 3 times dilution of released gases that would result if the Irobe
were placed at the to3 of the chimney. At a total flow of 60 ft /min
(1699 liter/min), 15 ft /min (424.1 liters/min) flows through the internal
pyramidal section. The ftow rate of gases pumped through the sampling probe
is much lower: 0.035 ft3/min (I liter/min) through the CO, CO2 and CHx
monitors (connected in series), and the HCN and NO/NO x monitors; 0. R 1766
ft /mn (0.5 liter/mm) through the 02 monitor, and 0.4944 ft /min
(14 liter/mmn) through the SATS. Flows can be adjusted to isokinetic levels,
if required by adjusting the flow rate or installing a probe with a different
inlet opening size. Under current operating flow conditions the ratio of
extracted gas flow to mainstream flow is so low (approximately 1%) that
reversal of outer pyramidal section air flow is avoided.

Tne CO and CO2 monitors are not subject to interferences or nonspecific
reponse at the concentration levels of gases released in the analyte com-
bustion product stream if the gas cell drying agents provided in these
instruments are maintained.

The microfuel cell sensor in the 02 monitor (Infrared Industries) is
specific for oxygen and will not lose sensitivity even if it is exposed to
atmospheres containing high concentrations of CO2.

The unburned hydrocarbons and other combustible gases (including CO) are
measured by the CHx monitor in terms of a methane (CH4 ) equivalent. Oxy-
genated and other hydrogen substituted combustible gaseous species (alcohols,
ethers, esters, aldehydes, etc.) are also detected.

The HCN monitor silver electrode detector responds to Cl2 and H-S in addi-
tion to HCN. However, Cl2 gas is not normally produced from chlorine con-
taining polymeric materials subjected to fire environments. Materials such as
wool carpeting or wool/nylon seat fabrics do contain sulfur and evolve
quantities of H2S in fires. A H2S filter, Appendix A, Figure 6, was
oeveloped to remove H2S gas from the analyte stream sampled by the gas train
in tne monitor. This filter, which consists of a heated "I" inch diameter
(2.54 cm) glass tube 6 inches (20 cm) in length filled with a loosely
stratified pack of fiber glass alternated with powdered lead carbonate,
efficiently removes H2S with little loss of HCN. During the testing of all
panel materials, the ICN monitor was used without the lead carbonate filter
for both the laboratory and full-scale testing, since elemental sulfur was
absent and H2S was not evolved.
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fABLE I

CHAS INSTRUMENTATION MEASUREMENT CHARACTERISTICS

1H.P. 30ZA RELEASE RATE CHAS DETECTION

INSTRUMENI CHANNEL PARAMETER MEASURED RANGE DELAY TIME

OSU Design I SmoKe Optical Density 0-2 0.2 sec

West Coast Res. 1 2 Mass-Loss, g/min 2-1000 g. 0.01 sec
Corp. & Dac

OSU HRR Cal. 3 Heat Release, Kw/m2  2-2000 kw/m2  2 sec

MSA LIRA 303 4 CO, ppm V/V 0-7500 ppm 17 sec

BecKmjn 864 5 C02 , I V/V 0-2.5% 18 sec

Kin-TeK (DOW) 6 HCN ppm V/V 0-100 ppm 30 sec(

leledyne 326A( 7 02, % V/V 0-25% 20 sec

Infrd Red Ind. 7 02, % V/V 0-2.5% 19 sec

Teledyne 175 8 CH4 , % V/V 0-2.5% 19 sec

Material Surface 9 Material Temp, OK 0-1000 OK 0.1 sec
Thermocouple I
CR-AL Type "K"

Inermoelctron 10 NO/NOx, ppm V/V 0-10,000 15 sec

Corp. I I I

(i Used for Panel 1 tests
( Used for Panels 2, 3 and 4 tests.
( Reduced to 6 sec for Panels 2, 3 and 4 tests.

( Used only for Panel 2, 3 and 4 tests.

The gas monitors are commercially available instruments and essentially detect
and quantitatively measure each gas selectively with minimum or no interference
from other gases in tne combustion mixture. Table 1 lists the monitors used and
the analytical sensing method employed by each instrument employed in the CHAS.

Two dual pen strip chart recorders plot the analog outputs from the HRR Calori-
meter thermopile, smoke meter, MLT, and one other parameter; or, alternatively,
sample front surface radiant flux levels, or carbon monoxide release. These
recorders are useful for pretest adjustments of airflow versus radiant panel
energy settings and observation of heat and smoke meter baselines prior to
beginning a test. They also afford some degree of redundancy and a check of the
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reproducibility of the on-line Hewlett Packard data acquisition/reduction system
(HP-ADAS). The data is stored on the HP 9825A calculator tape cassette kor
disk) from each channel identified on the schematic, Figure 2 and in Table I.
For a 10 minute burn period, 6000 data points are recorded defining the primary
combustion characteristics of the material for use in the FACP. At this stage,
the data may be processed and reduced using the HP 9825A programs delineated in
Appendix A. The output available from these programs consists of individual
plots (HP 9862A) showing the rate of release of heat, smoke, and gas, and mass
loss as the material burns in the HRR chamber, and a list of digitized data (HP
1245A) for each hazard over the burn period, if desired. The HP 9825A tape
cassette data is then transferred to IBM 370, 9 track 900 BPI 7 inch tape using
the BPIB buffered controller Dylon model lOl5A formatter/tape recorder. This
interface system translates the HP acquired data into language compatible for
use with the Fortran IV programming required in the IBM 370 computations of
CHI. Figure 3 shows the HP data acquisition/reduction sytem and the Dylon for-
matter/tape accessories.

ANIMAL TIME TO INCAPACITATION TEST CHAMBER - In order to utilize animal
time-to-incapacitation (Ti) as a measure of the toxicological hazard, Douglas
designed and fabricated an exposure chamberj Figure 4. The plexiglas chamber,
has a central shaft driven at low RPM by a variable speed electric motor/gear
reduction drive mechanism. A contact bar, positioned in the slot of the split
wheel, is supported on a flexible beam containing a strain gage at each end of
the contact bar. This provides an assembly that outputs deflection voltages
generated when the animal (rat) steps on, or contacts the bar. The voltage out-
puts from each strain gage are summed in a signal conditioner and then recorded
usino a standard strip chart instrument having a full-scale response of 2 - 50
MV/full scale. A sensor of slightly different design was developed at FAA
Technical Center, formerly NAFEC by Dr J. Spurgeon (Reference 4). This single
wheel animal test system (SATS) has been integrated with the CHAS to obtain Ti
data along with the other monitored release rate data. Because of the dilution
occurring in the HRR continuous flow chamber, toxic dose buildup in the animal
chamber must be attained rapidly to obtain a Ti or Td (time-to-death) result in
less than 20 minutes. The developed test procedure, therefore, provided for a
gas and smoke pumping rate of 0.494 ft3/min (14 liters/min)through the chamber
which has a free volume of 0.19 ft3 k5.4 liters/min). This sampling rate,
therefore, allows 2.59 nominal volume interchanges per minute. The SAIS chamber
was isolated at the highest CO production rate and held in this condition while
the Ti test was completed.
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CALIBRATION OF CHAS/SAFS

Each of the subsystems of the CHAS/SATS require calibration on a run-to-run or
day-to-day basis to ensure repeatability and accuracy of measurements. A set
of calibration curves must be plotted, one for each fire response parameter,
that relates the change in analog signal output (millivolts) with the quantity
(concentration) of the parameter being measured. A polynomial curve fit of
the plotted data is calculated. The coefficients for each parametric
polynomial equation are used in the HP data acquisition/reduction program to
digitize the data output by the CHAS instrumentation.

HEAT RELEASE RATE BY UNCOMPENSATED DTP - Preliminary to a run, two HRR
calibration measurements are made: (1) a reading of the Globar radiant heat
flux at the center and at the same distance away as the front surface of th
test sample during a run using a calibrated, water cooled, Hyca&9
Calorimeter, and (2) adjustment of the airflow rate to that selected for the
test L6 0 ft3/min (1699 liters/min)] using a calibrated absolute pressure
differential gauge - orifice meter and a flowmeter to set the airflow through
the hold chamber/MLT unit. The HP-ADAS program contains a section useful for
adjusting the differential pressure reading to set the flow rate.

Tne temperature difference between air entering the main burn chamber of the
HRR Calorimeter and that leaving is monitored by a thermopile (TP) having 3
cold and 3 hot 24 gauge chromel-alumel junctions. The hot junctions are
spaced across the top of tne exhaust stack (See Figure 2). The cold junctions
are located in the air distribution pan at the bottom of the chamber below the
air distribution plates.

Two parameters must be set to determine the heat release factor for the HRR
Calorimeter: (1) the airflow rate and (2) the volume of fuel gas, of known
neat content, burned per unit time in the HRR inner chamber.

A ?-flame calibration burner tube is substituted for the lower pilot light to
accomplish the calibration runs, as described in detail in Reference 1.

A sharp edge type orifice and differential pressure gauge is used to adjust
tne airflow rate through the HRR chamber. A standard flowmeter and parallel,
valve controlled, air supply is adjusted to a flow of 230 ft3 /hr to
ventilate and cool, alternately, the hold chamber or the MLr unit during a
run. Table 2 lists a range of differential pressure gauge settings versus the
corresponding airflow rates that may be used for both calibration and test
runs. Figure 5 shows a plot of differential pressure versus airflow using
data from Table 2. A total flqw of 60 ft3 /mi (1699 liters/min) total
airflow split to provide 56.17 ft3/min (1591 liters/min) through the HRR air
distribution system, and 3.83 ft3min (108 liters/min) through the hold
chamber or MLT unit was selected as the operational mode for all testing.
Natural gas (90% methane) having a heat content of 1060 Btu/ft3lwith some
seasonal variation) or some other gas, such as propane, (with a known heat
content) is used for this calibration.

Witn the airflow adjusted to the selected test level, and the gaseous fuel
supply connected to a wet test gas meter and to the multiple flame burner
placed over the end of the pilot flame tubing using a gas tight connection,
proceed as follows by referring to the schematic of Figure 6:
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TABLE 2

AIRFLOW RATES VERSUS DIFFERENTIAL PRESSURE READINGS

P GAUGE EQUIVALENT HRR ADJUSTED AIRFLOW ADJUSTED LINEAL AIRFLOW

READINGS TOTAL AIRFLOW TOTAL AF-MLTAF In P RATE OVER SAMPLE

PSI INCH Hg ft3/min 1/min ft3/min I/min INCH Hg ft./min cm/sec

0.3 0.61 20 566 16.17 458 0.43 4.04 2.05
0.6 1.22 30 849 26.17 741 0.92 6.54 3.32
1.0 2.04 40 1133, 36.17 1025 1.73 9.04 4.59
I*57 3.20 50 1416 46.17 1308 2.65 11.54 5.86
2.20 4.48 60 1699 56.17 1591 3.93 14.04 7.13
2.94 5.99 70 1982 66.17 1874 5.35 16.54 8.40
3.78 7.70 80 2265 76.17 2157 7.02 19.04 9.67
4.71 9.59 90 2548 86.17 2440 8.86 21.54 10.94
5.75 11.71 100 2832 96.17 2724 10.91 24.04 12.21
6.80 13.84 110 3115 106.17 3007 12.83 26.54 13.48
8.00 16.29 120 3398 116.17 3290 15.27 29.04 14.75
9.10 18.53 130 3681 126.17 3573 17.71 31.54 16.02

10.30 20.97 140 3964 136.17 3856 20.10 34.04 17.29

(D Adjusted Airflow = Equivalent HRR Total Flow-Hold Chamber, MLT Airflow
Hold Chamber or MLT Airflow = 230 ft3/Hr = 3.83 ft3 /min
Equivdlent HRR Total Flow used for Tests 60 ft3 /min
Substituting above airflow values:

Adjusted Airflow = Equiv. HHR Total Flow - 3.83 ft3/min = 60-3.83 =

56.17 ft3/min airflow set for HRR Cnamber input.

NOTE: The values listed in Table 2 and plotted in Figure 10 relate only
to the orifice meter used with the CHAS. Other meters and equipment will
require individual calibration.

1. Open the valve from the natural gas main supply (be sure flow control
valves VI & V2 are closed).

2. Switch 3-way valve, V3, to supply natural gas pressure from the main tap
to valve Vl.

3. Slowly open VI until wet test meter shows a low flow of gas is being
delivered to the multipe flamelet burner, and ignite the burner.

4. Adjust VI until flamelet heights are approximately 1.6 inches (4 cm) or
0.4-0.6 inch water manometer differential pressure is observed. Heat
release should be not less than 80 Btu/min (1.4 kW).

1. Switch V3 to the other bypass leg supplying V2 with gas.

6. Open V2 until wet test meter shows flow, and reignite multiple flamelets
on burner.

-13-
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I. Adjust V2 until flamelet heights are approximately 8-10 inches
(20-25 cm.). Water manometer pressure should not exceed limits for
instrument (usually about 6 inches), and heat release should not exceed
440 Btu/min (7.75 kW).

S. Switch V3 back to flow into VI bypass leg and allow thermopile reading
(mv) to stabilize on the strip chart recorder. This establishes baseline
which should not vary from steady state "zero" readings for 5 minutes by
more than +0.02 mv read from the strip chart recorder.

9. Set wet test meter dials to zero and start electronic timer as meter
needle passes zero.

l0. Allow low flame condition on burner to establish baseline for a time
sufficient to burn 1-2 ft3 of natural gas and record the wet test
volume and the time (in seconds) in the appropriate columns in Table 3.

I]. Switch V3 to high flame condition in the multiple flamelet burner. The
UTP signal level recorded on the strip chart recorder should move sharply
upward (+ my direction).

12. Reset to zero all dials on wet test meter and on the electronic timer.
Restart time as main meter needle passes zero.

13. Allow high flame burn to continue for not less than 10 minutes. Record
wet test meter volume and elapsed time on the timer and the mv response
above baseline from the recorder chart in the appropriate columns of
Table 3. Reference I calls for recording the my response at 4-minute
burn intervals until a constant increase and decrease of the mv signal to
baseline is achieved.

14. Repeat steps 7 through 13 at least three more times, adjusting flamelet
heights to different levels by use of valve V2. Record natural gas
consumption and mv DTP response for each run in Table 3.

15. Using the formulas provided in Table 3 calculate the kW/m2/mv

conversion factor that corresponds to the sample size to be tested.

16. Record baseline heat absorption profiles for the specimen holder (without
specimen) at each radiant heat flux level used for testing materials.

This calibration factor for heat release, kW/m 2 /mv and the specimen holder
baseline corrections are input into the HP-ADAS program for use in calculating
and plotting the data recorded during an experimental burn test in the CHAS,
only if the DTP is used to measure heat release rates.

RADIANT HEAT SOURCE - The radiant heat source, which consists of 4 silicon
carbide elements (Globar, Union Carbide Co.) is used with a variable
autotransformer power source to generate heat flux levels up to 8.81 Btu/ft2

sec (10 W/cm 2 ). A working curve similar to Figure 7 is plotted to allow
rapid setting of the radiant flux level by adjusting the voltage input into
the Globar elements. This is accomplished by reading the radiant flux at 4
:nches (also the test sample distance) from the radiant panel using a Hycal
model R-8015-C radiometer for vertical specimens and a P-8400-J pyroheliometer
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for horizontal specimens. Figure 8 is a copy of the National Bureau of
Standards based plot of the R-8015-C Calorimeter millivolts output against the
measured radiant heat flux. The use of voltage settings per Figure 7 to obtain
a desired radiant flux level is reliable for a period of 1-2 months. With
dgeing and extended use, the heat flux output versus voltage of the power
transformers will change slowly, necessitating restandardization with the
Hycal calorimeter.

SMOKE MEIER - Special neutral density filters have been mounted in a wheel.
These are needed for setting the range of the smoke meter and obtaining mv
versus optical density readings from which a calibration curve and polynomial
equation curve fit can be determined and used during a test run. The filters
have been accurately measured for optical density using a spectrophotometer.

MASS LOSS TRANSDUCER (MLT) - The mass loss tranducer has the following
operational parameters:

o Total sample weight (plus holder) = up to 2 Kg (0.9 lb.)
o Nonlinearity - less than 1% at ambient temperature

o Baseline Thermal Drift = 0.1% for first 5 minutes; and less than + 2% for
second 5 minutes of test at 5 W/cm2 HRR radiant flux setting.

o Dynamic Response = 0.1158 mv/V/lO0 grams

A calibration curve for the MLT is generated by plotting the change in
millivolt output versus weight change by "dead loading" the sample holder,
with standard calibrated analytical balance weights. An HP plot of this
calibration showing the linearity of response of the MLT appears in Figure 9.
The slope of this curve is calculated to obtain the dynamic reponse value
(miilivolt/lOOg wt. change/volt excitation) which is used in the HP data
reduction program to determine the mass loss burning rate of the material
mounted in the sample holder.

GAS MONITORS - Calibration of the gas monitors was accomplished either (1)
directly by flowing standard analyzed gas mixtures of varying composition
supplied sequentially from compressed gas cylinders fitted with 2-stage

Regulators and manifolded on the gas system input to the monitors, as shown in
Figure 6, or (2) by introducing the pure gases by a tube located below and
near the plane corresponding to the test specimen front surface. Method (I)
was used to set zero and gas monitor span readings prior to each run. The
additonal span gas mixtures are useful in checking the instrument responses
and preparing the calibration curves for each. Method (2) provides a
technique (as discussed in Reference 2) of injecting pure gases directly into
the HRR chamber to closely simulate the way in which gases are evolved by the
test sample and to provide accurate system response delay time for each
monitor. Method (I) was used to prepare the calibration curves for the
testing described in this report, since direct calibration requires larger
quantities of high purity gases for each monitor.
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Table 4 summarizes the span gas mixtures (Matheson analyzed and certified)

used for calibration.

TABLE 4

STANDARDIZED SPAN GASES & MIXTURES
(Compressed Gas Cylinders)

SPAN GAS CONCENTRATIONS IN CYLINDER
GAS
NO. % CO % C02  % 02 % CH4  % N2  % NO

1-S 0.3654 2.086 18.46 0 BAL 0
2-S 0.4100 2.170 1.97 0 BAL 0
3-S 0.2086 1.245 15.88 0 BAL 0
4-S 0.1083 0.8184 12.57 0 BAL 0
5-S 0 0 0 5.0 BAL 0
6-S 0 0 0 0 99.5 0
7-S 0 0 0 0 BAL 0
1-C 99.5 0 0 0 0 0
1-B 0 99.5 0 0 0 0
1-C 0 0 0 99.5 0 0

The analyzer and certified compressed gas cylinder mixtures (span gases I-S
through 7-S) are suitable for calibration for the CO, C02, 02, NO/NOx, and
CHx monitors.

Calibration curves for CO and C02, Figures 10 and 11, were plotted by the HP
3052A ADAS system using the output readings obtained from the standard span
gas mixtures listed in Table 4. These curves were programmed in the
calculator to obtain the respective polynomial equations and coefficients
using a curve fit routine.

The response of the 0 monitor is a straight line in the range from zero to
25 percent oxygen depfetion. Thus, for tnis instrument, the baseline is set
to the known air concentration (20.95%) for each test.

Tests employing blends of methane in nitrogen gas in the range of zero to 5%
methane show that the total combustibles monitor is also quite linear in
response. Span gases 5-S and 6-S are used to calibrate and set the range of
response of the detector output prior to a test (Method I and 2).

Experience with these monitors has shown each to be quite stable, uniform in
repeatability and free from drift during 8-hour test periods. More frequent
calibrations to set baselines and spans are required for the CO and CO2
monitors if the barometric pressure changes greatly during the day. The CHx
monitor airflow and sample flow settings require frequent adjustment to
achieve repeatable readings.
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The CHAS gas sampling system (Figure 2) is provided with a hypodermic syringe
septum and gas introduction line plumbed into the system upstream of the
pump. This is a useful feature since it permits injection of large syringe
(1500 ml) serial dilution mixtures of CO, C02 , 02i CHx to check instrument
calibration and the standard gas cylinder mixtures for significant changes in
calibration gas concentration due to "ageing" in cylinders over long periods
of use. The line connecting the acid gas scrubber to the valve upstream of
the pump (V2) is removed and capped to prevent dilution of the calibration
mixture. The gas system pump is used to pump the syringe dilutions through
the various monitors. The response of an instrument may be charted using
several dilutions employing the HP-ADAS system to take the data and plot the
curves on the same chart.

Figure 12 illustrates the use of the span gas mixtures and the serial dilution
syringe technique for checking instrument/data acquisition system calibration
and diagnostic response. Figures 12 (a), (b) and (c) show relatively rapid,
accurate, and stable response to the span gas mixture concentrations.
Figure 12 (d) shows the response of the CO monitor to direct injection of the
CO/N2 syringe samples as a cross check of the span gas mixtures used to
calibrate the monitors.

The real-time gas monitors require from 30 minutes to 1.5 hours to warmup and
thermally stabilize. Thus, it is good practice to leave those monitors
requiring the longest warmup time (CO and C02) turned ON overnight to avoid
testing delay the next day. The heated smoke and H2S-filters, and the TFE
lines connecting the gas sampling probe (HRR stack) in the HRR to these
filters and the gas monitors also are maintained at a temperature of 1200C
during standby periods. The oxygen analyzer should be turned off during
longer periods of standby (overnight or on weekends) since the internal gas
sampling pump will give longer service.

The CHx analyzer catalytic bead type detector will lose sensitivity if it is
operated without airflow mixed in with the analyte stream flowing through the
sampling system. Combustibles without at least a 2 to 1 ratio mixture with
oxygen should never be allowed to flow past the sensor. The range of this
instrument is 0-5% combustible gas; however, it is actually operated at a
sensitivity of 0-2.5% combustibles (methane equivalent) due tn the one-to-one
dilution with air. Accuracy is greatly dependent on maintaining the airflow
through the detector at a 1:1 ratio with the sample stream.

The above monitors may be checked for response either by use of the zero and
span gas cylinder mixtures, or by mixing known concentrations (by dilution)
employing pure CO, C02, 02, and CHx in a 1500 ml acrylic syringe
containing one or two small aluminum foil strips to aid in mixing the gases
injected from a low volume syringe into the larger one. Once mixed, the gas
syringe blend is injected through the septum provided on the CHAS, -' it may
be pumped through the monitoring train. The syringe procedure is used only
when it is desired to check the regular calibration span gas mixtures for
changes or to obtain monitor readings not available with the span gas mixtures.

The following instructions must be followed to activate and calibrate the real
time gas monitor system (refer to schematic, Figure 2):

1. Close valve VI, isolating the SATS from the gas sampling system.
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2. Open V2 and V5 and switch the CO and CO2 monitors on. Warmup requires 1
to 2 hours to attain thermal stability. Calibration can proceed when
meter needles show constant readings near low end of the dial (use zero
controls to keep needle on scale).

3. With V4 closed, turn on and adjust pressure regulated compressed air
supply for the CHx monitor; then, slowly open V4 and adjust airflow
through the detector to 1 liter/minute.

4. Switch the 02 monitor (Infrared Industries) on. Press solenoid switch
button on the front panel to sample ambient air (bypassing the sampling
system). In this mode, the monitor is reading the 02 percentage in room
air. After warmup 1(5-10 min.) the digital meter reading should stabilize
at 20.9 to 21.0%. See instruction manual if 02 reading needs adjustment.

5. Switch on the main power (front panel) to the NO/NOx monitor, and in
sequence, the vacuum pump, sampling system pump, sampling system heater,
and the temperature controller (catalyst oven) on the front panel.

6. While catalyst oven temperature is stabilizing (as indicated by controller
indicating light cycling on and off at 6500C set point), check photocell
for zero and full scale meter readings. Adjust dark current to zero as
outlined in instruction manual.

7. Disconnect NO/NOx monitor sampling line from the CHAS system and connect
to a 10 psig regulated pressure cylinder supply certified to contain
0.0150% of NO with nitrogen. This calibration mixture is designated 7-S
in Table 4.

8. Set the range switch on the front panel to 250 ppm and adjust the

calibration (10 turn) potentiometer knob to 2 or 3. Then turn on the
ozone generator. The needle on the meter should rise to nearly 30% of
full scale. When the reading stabilizes, set the calibration pot to get a
reading equivalent to the NO concentration certified for the 7-S gas
mixture.

9. Reconnect the inlet line to the CHAS system after closing the calibration
cylinder regulator valve.

10. Turn 3-way valve V13 to permit calii-ration gas flow from the manifold to
the CO, CO2 and CHx monitors.

11. Close V2 and open V3 and V5. Open main cylinder valve for N2 zero gas
and adjust two stage regulator pressure to approximately 10 psg (%r until
a reading of kl liter/min. flow is observed on the CO, CO2 , and -Hx
flowmeters. Fine adjustments are made using V3 and V5.

12. Using the zero control knobs set the meters on the three monitors to zero.

13. Close valve V7 on zero gas cylinder. Open V6 on the span gas mixture and
adjust pressure regulator as outlined in Step 11. Adjust V3 and V5 to
obtain I liter/min. flow through each monitor.
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14. Using span gas mixtures 1-S and 5-S set meter needle readings with the
span or gain knobs to the values corresponding to the certified gas
concentrations based on the individual instrument calibration curves,
Figures 10 and 11. The CHx monitor is set to full scale at 5% methane and
has straight line response.

15. While span gas mixtures 2-S through 4-S may be useful for checking the
calibration curves for each monitor, they are not needed for regular
operations.

16. Close all span gas cylinder valves on the manifold.

17. Open pump valve V2 slowly after the pump is switched on and adjust flow
rate from CHAS system into the monitors to 1 liter per minute.

The CO, CO2 , CHx, 02 and NO/NOx monitors are now ready for a test run.

HCN MONITOR - The dynamic permeation tube-flow dilution technique developed by
O'Keefe and Ditman, Reference 3 and described by Herrington in Reference 2 was
employed to prepare the calibration curve for this monitor. The calibration
curve is shown in Figure 13.

The following procedure must be followed to prepare the HCN monitor for opera-
tion and calibration:

1. Preparation of Electrolyte

a. Add: 6 g KOH
20 g Na2SO4
10 g Na2SO3 to boiled (CO2 free) deionized water

b. Seal the bottle for storage or use a stopper fitted with an
ascarite guard tube.

c. Never use electrolyte that is older than 3 months.

2. Set up the HCN analyzer

a. Turn the gas pump & electrolyte pump on. The digital voltmeter in
front of the analyzer should show a reading close to zero.

3. Set up the permeation device (Analytical Instrument Development Inc.
Calibration System Model 309, or equivalent).

a. Connect the air inlet at the back of device to a pressure regulated
flow of pure air, and connect the output line to the HCN monitor.

b. Adjust the pressure gage to approximately 40 psi.

c. Adjust the chamber flow to I liter/min (use a flow bubbler); the
reading on the scale should be close to 5.1. (AID Instrument, only).

d. Set the temperature on the oven in accordance with the following
table, and insert the permeation tubes into the AID permeation
chamber as required (singly or in multiples) depending upon HCN
concentration required for each calibration pii .

CAUTION: This operation must be done in a well ventilated
chemical fume hood. Use plastic gloves or forceps to
handle the permeation tubes.
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4. Calculation:

The permeation rates for the HCN permeation tubes are as follows:

300C 500C

#1705 2487 ng/min 8112 ng/min

#1706 2528 ng/min 8112 ng/min

#1707 2570 ng/min 8209 ng/min

Equation Used:

C= RxKF

C: Concentration in ppm

R: Permeation Rate, ng/min

F: Flow Rate cc/min

K: Constant

K =0.0821 x T
PX MW

T = Temp in OK

P Pressure in Atmospheres

MW = Molecular Weight

Calculate R

Assume Permeation Rate is Linear response to temperature

For Tube #1705 R = 2487 + 281.25 (X-30) NOTE: These values

For Tube #1706 R = 2528 + 279.20 (X-30) differ and are

For Tube #1707 R =2570 + 281.95 (X-30) unique for each

new set of tubes
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X = Temp in °C

Calculate K

K = 0.0821 x T (OK)

1 x 27.026

K = 3.0378 x 10-3 x T (OK)

5. Connect HCN monitor output to a standard high impedance input strip chart

recorder set to 0-100 my range.

6. Obtain 10-12 calibration readings on the chart recorder relating

permeation tube (calculated) HCN concentration per step 4 to the

recorded, stable my reading. This is achieved using a combination of

permeation tubes placed in the AID unit, by changing the oven

temperature, and the airflow dilution rates. Table 5 shows a

representative set of 5 calibration points determined using this

procedure.

TABLE 5

HCN CALIBRATION DATA

(example)

DATA PT. PERM TUBES TEMP. AIRFLOW RECORDER HCN
NO. USED oc CC/MIN MV PPM

#1705
#1706 50.2 1000 78.1 24.16
#1707

2 Same 40.7 Same 53.5 15.82

3 Same 36.7 Same 42.5 12.45

4 Same 33.1 Same 33.3 9.48

5 Same 30.1 Same 26.9 7.38

6, etc. (Use same methodology as above) _ _1__

7. Plot the HCN ppm values calculated from the formulas and input test
parameters (shown in Steps 4-6) against my output from the HCN monitor
detector cell.
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8. Curve fit the above plotted data using a 3rd order polynomial curve fit
routine. The coefficients of this equation are used in the HP-ADAS pro-
gram to process the data recorded during a burn test (Figure 13).

The HCN monitor operational characteristics have been discussed in detail in
Reference 2. The detector in this instrument is relatively free of inter-
ferences from other gases commonly found in combustion products. As reported
by Dow, Table 6 gives the response of this detector to a number of gases.
Spot checks, conducted by injecting quantities of diluted pure gases (CH4 ,
C3H8 , H2S, NO2 , HCl, etc.) essentially substantiate these results.

GAS BATCH SAMPLING - Real-time, specific response, monitoring instruments for
many combustion gases were not commercially available nor desired. Complexity
of CHAS was reduced by adding batch sampling capability for gases not gen-
erally present. Methods for laboratory chemical analysis of these gases were
selected from the scientific literature and modified as needed. Table 7 gives
this list.

CHAS/SArS TEST PROCEDURE

Procedures for operation of the HRR calorimeter and preparation and in-
troduction of the sample into the inner chamber were in accordance with the
proposed ASTM test procedure (Reference 1) except as shown in Table 8. Modi-
fications to the calorimeter have required additional steps.

PRETEST ADJUSTMENTS - The procedural steps for running the CHAS/SATS are as
fol lows:

I. Turn on and adjust the main air supply regulator for the HRR chamber to
the selected airflow rate (60 ft3/min).

2. Turn on electrical power to the HRR GlobarRradiant panel and adjust
power input to selected radiant heat flux level (2.5, 3.5, or 5 W/cm')
as measured by a standardized calorimeter. Ignite the internal chamber
pilot light(s).

3. Open the air supply valve and adjust the auxiliary airflow to the CHx
monitor, adjusting the flowrate to I liter/min, before switching on the
power.

4. Switch on the electrical power to the other continuous gas monitors (CO,
CO2 , 02, HCN and NO/NOx), MLT unit, and the smoke photometer.

5. Allow 1-1.5 hours for warmup time. All gas monitors should equilibrate
and readout very nearly to the same baseline readings as noted at the end
of the previous day. Barometric pressure changes from day to day will
cause slight deviations.

6. Cut samples to size (6 x 6 or 10 x 10 inches) selecting the size on the
basis of the expected heat, smoke, and gas release rates, and mount in
sample holder.
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TABLE 6

RESPONSE OF AMPEROMETRIC HCN ANALYLER TO VARIOUS GASES
(Ref.: D. Herrington, Dow Chemical Co.)

Response

(Equivalent
Gas Concentration ppm HCN) Recovery

acetone 5% 0 immediate

acetylene 1% 4ppm immediate

ethylene 100% 0 immediate

methane 5% 0 immediate

butane 5% 0 immediate

methyl acetylene 2% 0 immediate

carbon monoxide 15% 0 immediate

carbon dioxide 15% 0 immediate

carbon tetrachloride 5% 0 immediate

cnlorine lOOppm -lOppm immediate
chlorine 200ppm -20ppm fur short

exposure,
longer for
long expo-
sure

sulfur dioxide lO00ppm 0 1 minute

sulfur dioxide 5-10% -lOppm several
minutes

hydrogen sulfide lOppm lOppm immediate

hydrogen chloride 2% 0 immediate

ammonia 1% lppm 2-3 minutes

hydrogen 100% 0 immediate

oxygen 20% 0 operates in
air

cigarette smoke heavy 5ppm immediate
(Pall Mall)
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TABLE 8

MODIFICATIONS OF ASTM PROPOSED STANDARD

USED IN CHI PROGRAM

PARAMETER ASTM (STD) CHI

Airflow 84 ft3/min 60 ft3/min

Radiant Panel Globars Same

Pilot Light Natural Gas Same

Smoke 0-100% T/F.S. 0-0.4 0.D./F.S.

Sample Size Vert 6"x6" Vert 6"x6" & 10" x 10"
Horiz 4-3/8"x6" Horiz Same

Mounting Light/low Cp/boat Similar/optional

one surface only 2 surfaces

Radiometer 2 types 1 only

Conditioning 230C/50%RH optional

Thermopile compensated no

02 Consumption no substitute, for DTP

Sample position Front surface, 4" same
from rad. panel

Calibration DTP/nat. gas same/02 consumption.

Calculations HRR/M2  same or by
Heat 02 consumption

Smoke S.M.O.K.E/M 2  same
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CAUTION:

Very high heat release materials will swamp the gas monitors, and
flames will completely fill the burn chamber. This has been found
to heat the radiant panel Globars to such an extent that main power
is lost because breaker switches are activated. Smaller samples of
such materials must be prepared to obtain CHAS data.

7. Turn strip chart recorder on and monitor baseline readings from the DTP.
Recorded (equilibrated) DTP HRR baseline should not vary over a period of
5 minutes by more than + 0.02 millivolts.

8. Fill 10-50 cc "batch" sample syringes with 5 cc of 0.1 normal sodium
hydroxide (NaOH) solution (reagent grade, chloride and flouride free).
These syringes fitted with large bore needles, must be labled to indicate
to the operator the time at which a 45 cc combustion gas sample is to be
withdrawn through the silicone rubber septum installed on a "T" fitting
on the gas sampling.probe line.

NOTE: The time intervals are optional in this program, either 30-
sec or 60-second intervals were employed depending on the rate of
burning of the test specimen. These samples are assayed for HCl and
HF.

9. Fill 10-50 cc syringes with 5 cc of 0.05% MBTH (3-methyl-2-benzothiazoline
hydrazone hydrochloride reagent dissolved in distilled water) and fit
each syringe with large bore needles. These syringes must be labeled to
alert the operator to take a sample at the gas line septum at 30-second
intervals alternately with the syringe samples taken in step 8. These
samples are assayed for total aldehyde content (as formaldehyde) after
the CHAS/SATS test is complete.

10. Concurrently with the above pretest preparations, the SATS exposure
chamber is cleaned and the cage rotation motor drives checked for
operation and synchronized to 6 rpm. The Ti sensor and SATS chamber
temperature recording instrumentation is checked out for proper operation.

11. Set the zero and output (gain controls) on each continuous gas monitor
using calibrating gas mixtures (see Table 4) to span the instrument
reading to the known calibrated value.

12. The ADAS (HP 3052 with 9885M floppy disc memory and 9825A controller) is
initialized (Figure 14) and the data channels checked out to determine
that instruments are operational. The smoke photometer is calibrated at
this time by adjusting its output using standard neutral density filters
to set the span in millivolts corresponding to its calibration curve.
Press SF key No. 9. This calls up the accurate airflow orifice equation
program. Press "Run" and input all the requested data as shown in the
airflow program, Figure 15. After the airflow rates have been adjusted
accurately Ito the selected values (e.g., 56.1? ft3/min through the HRR
chamber and 3.83 ft3/min through the hold chamber of MLT), press SF key
No. 7.
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NOTE: The CO, CO2 , and CHx monitors are zero set using pure
nitrogen. Span is set using an appropriate certified analyzed
compressed gas cylinder mixture. A special gas mixture is used for
the NO/NOx monitor, and the HCN monitor is separately calibrated.

RUNNING A MATERIAL

13. Initialize the ADAS, data acquisition program (SF Key 7, "DATAA",
Figure 16) entering the following:

(a) Run No. (h) Airflow Rate, CFM
(b) Sample Name (i) Inlet Air Temp, oC
(c) Date (j) Sample Area, in2

(d) Floppy Disk No. (k) Heat Flux, W/cm2

(e) Disk Run No. (1) Sample Wt., Grams
(f) Length of Test, Minutes (m) MLT Sensitivity Factor

mv/lOOg

14. Load a test animal (rat, Sprague Dawley derived, or other strain) into
the SATS chamber and replace the top cover. Turn on the ventilation pump
and isolation valve between the SAIS and the CHAS combustion products
sampling line, adjusting flow to 14 liters/min.

15. Check SATS cage rotation and sensor recording system for correct
operation.

16. Start the strip chart recorders on CHAS and continue ADAS program.

17. ChecK ADAS baseline data printed out on the 9852A tape. Make last
adjustments to smoke photometer span calibration points (millivolts).

18. Check 02 monitor to assure that it has been switched over from sampling
ambient air to the CHAS combustion products sampling mode.

19. Zero the digital electronic timer visible from the storage rack location
near "batch" sampling syringes.

20. Place the two racks (containing 10 syringes in each) at the position
provided near the CHAS gas sampling line septum.

21. Load sample/holder/injection mechanism assembly into the HRR hold
chamber, clamp the seal door in place with radiation doors still closed.
Immediatel turq the hold chamber air cooling valve to divert this
airflow (3.83 ft3 /min) through the MLT.

22. Observe the TP recorder trace to determine when the HRR chamber has
recovered its baseline (usually I to 1.5 minutes).

23. After the baseline strip chart recorder shows recovery of analog
baseline, continue the data acquisition with the ADAS to record all
baselines into computer 9885M disk memory (25 times once per second over
10 channels).
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24. When the baseline scans are completed, open the radiation doors immedi-
ately and inject the sample into the inner burn chamber, closing the
radiation doors at the same time to protect the MLT unit from radiant
heat.

25. Immediately upon completing step 24, start the data acquisition mode on
the ADAS controller. This is time zero for the burn test. Start the
digital electronic time at the same moment.

26. Change position within 15 seconds to take the "batcn" syringe gas
samples. Take 45 cc gas voumes in 5-10 seconds for the HCl/HF samples
alternately witn those for aldenydes in accordance with the preselected
time intervals printed on the syringe labels.

27. Observe the CO monitor output meter during the test run. Record the time
at which the CO concentration reaches a maximum and simultaneously turn
off the air circulation pump on the SATS and close the sample line isola-
tion valve. Continue recording the animal response for 15 minutes or
until a Td occurs. If a second burn episode occurs in which the CO
concentration increases again, turn on the pump and isolation valve to
establish flow through the chamber. Record elapsed time for the second
exposure period (valve open to valve off).

28. Continue the SATS test for an additional 5-10 minutes (20 minute total).
If no results are obtained, remove the test animal and clean the SATS
chamber for use in the next test.

29. After the burn test is completed, remove the sample/hold/injection
mechanism from the HRR, vacuum clean the ashes, spalling off the burned
specimen, from the hold chamber and the bottom of the inner HRR chamber.

CAUTION:

Take care to avoid contact with the hot Globars when vacuuming ashes
from the chamber. The tube should be thermally and electrically
insulated to avoid shorting the Globars or melting the vacuum hose.

30. Turn off the CHAS gas sampling train pump, the HCN monitor, and switch
over the 02 monitor to sample ambient air.

31. Replace the membrane type smoke filter protecting the pump usea to
ventilate the SATS and the filters (membrane and ascarite/drierite) used
to filter the product stream monitored by the 02 meter.

(NOTE: Only the drying agent is required if the data reduction
program normalizes the instantaneous 02 concentration by
using the concentrations of the other gases for correction).

Repeat runs were conducted on tht 'HI program materials following this 31-step
procedure. With all systems functioning properly, 3 to 4 test specimens were
run per day. This does not include all of the data processing time, which
requires one hour per test, nor the "batch" sample gas analyses which were
done after a number of runs were completed.
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DATA PROCESSING

The special function key overlay is placed over the special function key
section of the 9825A controller. The special function keys, each dedicated to
a CHAS data acquisition program or operational channel, are identified as
shown in Table 9.

Ten data channels, as identified on Figure 2 provide analog data from CHAS
tests for storage on a floppy disc (or on cassette) in the HP3052A Data
Acquisition System. Each disc has storage space for all programs and data
from 10 ten-minute CHAS tests.

It must be emphasized that the input variables consisting of the individual
gas monitor calibration curve polynomial equation coefficients and other
similar data are unique to the DAC system and instrumentation. The program
listings below will have to be modified where the listing steps show a "*".
This indicates the need for user instrument calibration (or other) data inputs
before the program can become operational. Instructions for an initial
HP3052A start up are given in Appendix A and are as shown in Figure 14.

FINAL PREPARATIONS FOR CHAS TESTS

With all systems "GO" press SF key No. 9. This calls up the accurate airflow
orifice equation program. Press "Run" and input all the requested data as
shown in the airflow program, Figure 15. After the airflow rates have been
adjusted accurately to the selected values (e.g., 56.33 ft3/min through the
HRR chamber and 3.67 ft3/min through the hold chamber or MLT), press SF key
No. 7. This calls up the 10-channel data acquisition program. The procedure
followed in this program is shown in the flow diagram Figure 16. At the
conclusion of the 10-minute (or longer) test run, the data held in disc memory
storage during the run is unpacked and rerecorded in separate files for each
parameter. The individual parameter release rate curves may be processed and
plotted optionally by selection of any of the programs called up by the SF
keys, as listed in Table 9 and the flow diagram in Figure 16. The program
listing is shown in Appendix A.

DATA TRANSFER TO IBM 370 The Fire Analysis Computer Program (FACP) that
predicts cabin environment from CHAS data is a fairly complex semiempirical
model written in FORTRAN for an IBM 370. The HP and IBM do not have a common
language so it was necessary to use a Dylon formatter to transfer the HP
digital data to an IBM 370 tape (SF 8). Batch gas concentrations sampled
every 30 seconds had an additional data point interpolated between each pair
of experimental points using a conventional straight line computer program and
were also transferred to the IBM 370 tape. Only the material combustion heat
flux (not the Globar output) was input to the FORTRAN program.

T*. ae specimens of Panels 2, 3 and 4 were run at each heat flux but only one

set of data was needed at each heat flux. One set of specimens at each heat
flux was run without animals or syringe sampling since the syringe samples
caused spikes in the 02 concentration curve. Specimen heat flux was
calculated from this data set using the NBS 02 depletion Method. Rather
than attempting to obtain average run data for three runs as input to the IBM
370 tape, the data was plotted and the single most representative run
selected. In some cases the heat flux, smoke and gas data were not from the
same run.
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TABLE 9

SPECIAL FUNCTION KEY IDENTIFICATION

1 SF KEY CODE DATA REDUCTION PROGRAM

fO:/l YES

fl:get "START" Initiates SF key selection

f2:get "HRRO2 " 02 Consumption heat release

f3:get "SMOKE" Smoke release rate

f4:get "HEAT" Heat release by differential thermopile

f5:get "TEMP" Sample surface temperature

f6:/ NO

f7:get "DATAA" CHAS Data acquisition

f8:get "DATRR" Data unpacking and transfer

f9:get "HgADJ HRR airflow adjustment

flO:get "NO" NO and NOx release rate

f1l:get "FIRE" Combustion Gas Volume Corrections to f2

f12:get"C0 2" CO2 release rate

fl3:get "CO" CO release rate

f]4:get "02 02 release rate (depletion)

fl5:get "HCN" HCN release rate

f]6:get "HC" Combustible gas release rate

fl7:get "MASS" Mass Loss and mass loss rate

f18:get "CFLA" Point connector program for batch sampled gases

fl9:get "HCL" HCL release rate

f20:get "HF" HF release rate

f21:get "ALD" Aliphatic aldehyde release rates
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I1. HAZARD LIMIT CONCEPT

TOXIC GAS HAZARD LIMITS

The term "toxicity" has been used frequently during discussions on fire gases.
Many times it has been used interchangeably with quantitative units of
measurement of fire gases. Quantitative units of measurements, per se, have
nothing to do with denoting toxicity. The definition of toxicity (Reference
13) is "the quality of being poisonous and is expressed by a fraction
indicating the ratio between the smallest amount that will cause an animal's
death and the weight of that animal." This requires definition of the term
"poison" (Reference 13) which, according to Dorland is "any substance which,
when in- gested, inhaled or absorbed, or when applied to, injected into, or
developed within the body, in relatively small amounts, by its chemical action
may cause damage to structure or disturbance of function." From these
definitions, then, one can conclude that the agent in question must be related
to a living biological specimen, and that a quantitative unit of measurement
without this relationship cannot alone indicate the degree of toxicity.

This leads to the evaluation of standard toxicological terms used to describe
toxicity. These are LDro and LC5 0  which indicate the dose or con-
centration required to kilT 50% of the experimental animals. This criterion
of LC50 is untenable when it is applied to human survival and escape from
the fire situation wherever it might be. Some years ago, a new term, the Time
of Useful Function (TUF) was suggested by Gaume (Reference 14) as a more ap-
propriate term to indicate the time available for a person to escape the fire
environment before incapacitation by fire gases, after which it would not be
possible to do so without help. The TUF may be considered as an analogue of
the universally accepted (TUC) Time of Useful Consciousness applicable to
flight crews upon aircraft cabin decompression.

By definition, then, the toxicities of various fire gases can be determined,
for human purposes, only by collecting data on exposed animals or humans, the
latter being generally unacceptable subjects for these kinds of hazardous ex-
periments. Therefore, animal subjects are the only alternative for building a
data bank of biological effects from which scale factors can be developed via
further experimentation and mathematical modelling. For purposes of the data
bank related to fire safety, escape and survival, the collection of physi-
ological data should be oriented toward the TUF or the Ti rather than to the
LC50 concept. It would seem that the definition of poison fits the TUF con-
cept more appropriately than that of toxicity.

The TUF/Ti will be variable under different circumstances and will depend on a
variety of factors. Among these are the materials that are burning, their ig-
nition temperatures, heat flux, fire temperatures, oxygen supply, ventilation
and air currents, retardant treatment, the gases evolved, their generation
rates, and others. These variables, combined with the many physiological var-
iables present in the escapee's body, and the many types of gases evolving
(asphyxiant, irritant, anaesthetic, narcotic, systemic poisons), present a
very complex problem which is in urgent need of simplification. A standard
test based on the TUF concept may well provide a simple, inexpensive means of
determining the relative toxicities of materials, enhancing their selection,
and therefore, fire safety. The TUF method provides a rapid, simple and
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perhaps the only means of integrating all these complex variables without the
requirement to investigate each one individually, at high cost in time and
money. Once materials have been rated by such a test, the synergistic or
antagonistic effects of each combination or concentrations of gases, and other
single variables, can be investigated more leisurely on the basis or pre-
determined priorities. Our understanding of synergism and antagonism may
undergo some change as a result of investigation of controlled gas mixtures
(Reference 13).

In the initial CHI development effort, the FAA desired that we take a simple
approach, i.e. to consider the multiple gases evolved as having an additive
effect, which is the conventional toxicological approach to that condition.
Some of the more recent data, however, indicates that, in mixtures of gases,
this is not always the case. In certain cases, one or more gases may inhibit
the effect of others (References 14 and 15). This phenomenon has not yet been
studied sufficiently to understand fully the mechanisms involved. Therefore,
because of the complexity of the problem, the simple approach of additive
effect was taken. In the complex context, other factors such as synergism and
antagonism come into play, and the standard definitions of these two terms may
not apply, and may have to be redefined. The inhibitory effect of one gas for
another may be due to the fact that the high concentrations found in the fire
situation may develop so rapidly that the expected responsive metabolic
chanoes do not have time to occur before the organism succumbs; or the effect
could be due to a dilution factor, alone or in combination with another
factor. Delving into these complexities constitutes a fertile area for future
research, which should already have begun.

APPROACH - There is a dearth of short-time (5 minute) exposure data available
in the literature for use in the computer program. Therefore, Douglas was re-
quired to develop this kind of data from the best information available. The
approach used is described in the following paragraphs.

To determine a 5-minute limit for CO, by starting with the Threshold Limit
Value (TVL) of 50 ppm for an 8-hour work-day exposure and doubling the
concentration as the time is halved, the result is approximately 4800 ppm of
CO as a 5-minute limit. Figure 17 illustrates this method. This 5-minute
limit provides the concentration needed to develop the escape time curve. Ap-
plicability of this method to other gases was studied, because it was limited
to estimating the 5-minute limit for CO. This method can be named the
"reverse extrapolation" method, and results in a hyperbolic curve.

Studies were made to determine whether the reverse extrapolation method from
the TLV to a 5-minute limit was feasible for gases other than CO. The results
appear to be encouraging. A generalized form of the equation was derived from
available TLV data to estimate hazard limits in the absence of short term
data. Toxic hazard limits in industrial toxicology are sometimes expressed as
total integrated doses (TID), or ppm - minutes, as a constant for a gas. This
suggested that an equation could be derived for a gas which would allow cal-
culation of a hazard time limit as a function of the constant and the TLV con-
centration.
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FIGURE 17. FIVE-MINUTE TLV EXTRAPOLATION CURVE FOR CO

HL5 480 X TLV (ppm)
5 t

where 480 = number of minutes in an 8 hour work day

TLV = Threshold Limit Value

t = Time of Exposure, 5 minutes

An analysis was conducted for the human survival limits of the toxic gases

(15) involved. The above equation has been utilized to determine initially

the estimated 5-minute hazard limit, (HL5 ), for these gases. The literature
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was then examined to find the data closest to a 5-minute survival time. (Very
seldom does the literature present such specific data). Interpolations were
made where the data were not sufficiently specific, and the result was com-
pared with the (HL5 ) for each gas as determined via the equation. In ten of
the fifteen cases the equation appeared to reflect an acceptable limit. In
the other five cases, reductions of the equation values appeared to be neces-
sary, based on the mechanisms of action of these gases, and the judgment of
the analyst. Table 10 shows the results of these analyses.

Hazard limit curves, as calculated for each of 15 significantly toxic gases
are shown in Appendix B and were used to calculate fractional "effective"
doses and escape time (CHI).

THERMAL HAZARD LIMITS

Two aspects of the thermal hazards were considered. The first was the max-
imum air temperature that can be tolerated by the respiratory tract; usually
considered to be 400°F. The second was the time-to-incapacitation resulting
from the effects of heat on the body (considered as a dose).
An extropolated air temperature hazard limit curve described this hazard, and
it's escape time characteristics were determined by curve fitting the data
using a modified polynomial computer routine. A simplified biothermal model
of a man being exposed to high air temperatu-CL has been used to curve fit the
C. R. Crane air temperature limit data (Reference 16). Figure 18 shows the
correlation between the curve fit equation and tne C, ine data into the higher
air temperatures and lower human tolerance limits relating to the CHI program.

This simplified approach is based on an analysis that determines the time
needed to raise the internal (core) body temperature by 5.5*C (to 108.5'F)
when it is exposed to a heat flux by radiation and convection as well as an
internally generated metabolic heat. The convective heat gain or loss in-
cludes the effect of latent cooling due to the evaporation of perspiration
from the skin. It was assumed, as a simplification, that the rate of mass
loss by evaporation is a function of the temperature differential between the
body and the air as in the convective heat transfer term. The rate of mass
loss by evaporation is usually expressed as being proportional to the
difference between the vapor pressure of water and that of the surrounaing
air; but, vapor pressure is closely related to the temperature which makes the
mass loss proportional to the temperature differential.

The least squares curve fit of the simplified biothermal man-model determines
values for the radiation term coefficient, as well as the combined convective
plus evaporative cooling term coefficient, when fitted to experimental data of
the tolerance limit versus air temperature. An exponent of the convective
heat transfer term is included to account for the variation of the heat trans-
fer as a function of temperature. The metabolic heat rate was determined by
successive trials until a best fit of the data was obtained.

An interesting result of the curve fit gave a negative value for the con-
vective plus evaporative term coefficient. This was interpreted to mean that
the data reflects a situation in which the cooling effct of evaporation is
greater than the heat gain by convection, and it was assumed to be a logical
result. The radiation term is positive and adds heat to the body.
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nc = convective plus evaporative heat transfer coefficient,

(consistent units)

A = body area, m
2

Ta, To = air and surroundings temperature, 'C

Tm = mean body temperature during the temperature rise, OK

nrF = radiant heat transfer coefficient, (consistent units)

N = exponent of heat temperature ratio

dT = taken as 5.50C

Ti = time to incapacitation, minutes

The equation was solved for Ti and curve fitted to the Crane data. The

results of the curve fit gave the following values for the parameters:

ncA/WCp = -0.089811,405

hFA/WCP = 7.42071

QM/ p = 0.0345

N = 1.55

These va!ues appear to ce ojite reasonable thermodynamically, and were used in
the above equation to plot tne curve shown in Figure 19.

The results of experimental studies on time-temperature relationships for ex-
posed sKin thermal injury were reported in Reference 17. These experiments
were performed with animal suojects (pigs) to determine the air temperature
versus time Gn the expused skin of the subjects. Data points taken from the
report are plotted on the extrapolated air temperature hazard curve in
Figure 19. It appears that third degree burns cross the hazard curve at
about 593.50F (585'K). These values have been selected as the upper limit of
hazard above which escape would become impossible. At this temperature, the
escape time would drop abruptly to zero for this hazard.

SMOKE (VISIBILITY) HAZARD LIMITS

A proposed escape time curve for the effects of reduced visibility through
smoke has been selected and is shown in Figure 20. The rationale used in
deriving this curve involved an evaluation of how far one can see an il-
luminated emergency exit sign at various smoke densities as determined by the
transmittance per foot of distance. The transmittance and smoke volume gen-
eration rates are known for each material from tests in the CHAS chamber.
These data are translated in the CHI computer program to full scale test con-
ditions of smoke generation rates and transmittance as a function of time
during the burn.
Allard's Law (Reference 18) cilculates the illuminance, foot candles, at the
observers eye from a lignt of a given luminous intensity (candles), at a
distance from the observer. The equation expressing Allard's Law is:
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Where:

E is the illuminance at the observer's eye in foot candles

I is the intensity of the source light in candles or candela
D is the distance between the source light and the observer
T is the transmittance of the attenuating smoky atmosphere, or

transmittance per unit distance

FAR Part 25 Paragraph 25.812(a) specifies the intensity requirements for emer-
gency exit locator signs. They must have a minimum background brightness of
25 foot Lamberts, and an area of at least 21 square inches. Converting the
units to candles:
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25 foot Lamberts X 0.3183 
= 7.9575 candles/ft

2

and the intensity

I = 7.9575 candles/ft
2 x 0.1458 ft2

I = 1.1605 candles (candela)

A plot of the -Log E of the illuminance at the observer's eve versus distance
D and transmittance per unit distance is shown in Figure 21. The intensity of
the light of 1.1605 candela was used in plotting the curves. Reference 18
quotes a threshold illuminance of 7 x 10-8 foot candles that is used to
assess the visibility of approach and landing lights for a pilot landing an
aircraft at night, which is also shown as a line in Figure 21. This
horizontal line was established in Figure 21 from -log (7 x 10-8) = 7.155;
values above this line have an illuminance which is too low to detect by eye.
Values on this line are just detectable, and values below the line are visible
with increasing illuminance as points are farther below this line. The value
of the illuminance in foot candles for points on t is figure can be obtained
by raising the ordinate values to a power of 10 -Log E.
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A plot of transmittance versus distance for threshold illuminance, as
deter-ined above, is shown in Figure 22. The plot shows that at increasing
values of transmittance one can see farther, and that at 100 feet one can see

* ~ the emergency exit from one end of a wide body jet to the other if tne
transmittance is greater than 93.1%. This T value was used to locate one point
at the visibility level relating to an escape time at 300 seconds, i.e., for
the full duration of the 5 minute fire scenario of the CIII program.

Another point on the escape time curve can be located at a time of 15 seconds
at a transmittance of zero (complete darkness). An experiment indicated that
one can feel their way to the nearest exit in a wide body jet, at a maximum
distance of 34 feet away. The curve was assumed to be an exponential,
expressed in terms of transmittance T or

ET = A(BT)
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where, to fit the two points,

A 15

B = 3.21775

This equation for the smoke hazard expression was used to obtain escape times
resulting from smoke as a function of transmittance per unit distance in the
CHI calculation. It was not used in an integrated dose sense as were the
other hazards but will affect the CHI since escape time will be slowed
depending on the amount of smoke generated by the material.

SATS ANIMAL TESTING

The single rotating wheel in the Single Animal Test System (SATS) plexiglas
chamber (Figure 23) and the associated electrical contact bar provided two
biological endpoints, Ti and Td. Either endpoint could have been used to
determine which panel material evolved the most hazardous combustion pro-
ducts. Ti was selected to make the comparisons since Td's were not observed
as often and the Ti represented a more conservative endpoint related to the
concept of emergency evacuation in a post crash fire cabin environment. The
SATS consisted of a low volume plexiglas chamber having a free volume of 5.4
liters. The animal subject was placed in a split wheel and prompted to walk
by rotating the wheel. The Ti endpoint was quite reliably determined by the
changes in the pattern or recorded electrical signals transmitted when the
test subject contacted a plexiglas bar. This bar was supported on strain gage
sensors at each end and inserted approximately 1/8 inch inside the slotted
space between the split cage halves and occupied the bottom quadrant of the
cage as shown in Figure 23. Incapacitation was noted when the animal lost the
ability to walk and started to slide or tumble as the wheel rotated.

This unit was designed and modified at DAC to permit parallel recording of the
breathing rate by a 300X amplification of the signal. When a Ti was observed,
the wheel rotation was interrupted and with the animal resting against the
sensor bar, Td (time-to-death) was determined based on cessation of the re-
corded breathing trace. Combustion gases were pumped into the chamber through
a 3/8 inch teflon line and ball valve connected to the gas sampling probe from
the HRR (see schematic, Figure 2) at a flow rate of 14 liters/min. The Teflon
line and ball valve were heated to 248"F (1200C) during the run to prevent
condensation of combustion products, and provided minimum transport time to
the chamber. The test procedure was modified further to assure a biological
endpoint in less than 30 minutes. Combustion gas dilution was reduced by
adopting a test airflow rate of 60 cu ft/min through the HRR chamber and a 10
x 10 inch sample was prepared for each run instead of the conventional 6 x 6
inch sample (except for Panel 3 material).
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The last procedural modification adopted for the animal Ti tests is based on
the observation that the most common toxic gas produced in fires is carbon
monoxide. However, carbon monoxide is not the only major toxic product
evolved since these depend upon the elementary composition of the particular
polymer or material being burned, the degree and character of any fire re-
tardants added, the intensity of the fire threat, and the availability of
oxygen (References 2 and 19). Since the combustion products are pumped
through the animal exposure chamber during a run at 14 liter/min and vented to
the CHAS exhaust system, the concentration of all the gases resident in the
chamber changed rapidly with time. The effective dose rates were depenoent,
therefore on the generation rates of these gases and the air dilution ef-
fects. At 14 liters/min pumping rate, the nominal air change in the exposure

STAINLESS STEEL
MESH CAGE (COATED)

SPLIT
CAGE DRIVE SHAFT

DEMOUNTABLE
PLEXIGLASS < COVMER

CONTAINER OE

PLEXIGLASS
-SNOR BAN

COMBUSTION
VACUUM PUMP--- GASES

FROM
CHAS

TO S1INA L k TRIN GAGE

PROCESSOR AND SUPPORT BAR

AND RECORDER

FIGURE 23. SINGLE ANIMAL TEST SYSTEM PLEXIGLAS CHAMBER

chamber was 2.8 times per minute. At high radiant flux test levels, materials

burn more rapidly generating high levels of gases, but also burn out in a few
minutes. Thus, a protocol and procedure that calls for exposure at constant

pumping speed would not correlate with the toxic endpoints obtained with ap-

paratus of ,,ore conventional design in which all toxic products are ac-

cumulated in the exposure chamber. The procedure that appeared to give a Ti

endpoint within 30 minutes to relatively ranking materials for toxic hazard
was as follows:
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(a) After chamber closure, the inlet ball valve was opened, the pump was
turned on and the flow rate into the animal chamber was set to
14 liters/min.

(b) Within 2 minutes, the sample was injected into the HRR chamber. Simul-
taneously an electronic timer was started along with the Ti sensor unit
recorder.

(c) As the test sample burned, the CHAS panel meters of the CO, CO2 and HCN
monitors were observed. When the CO concentration appeared to a maximize
reading, the pump taking combustion gases and smoke into the animal
chamber was turned off and the ball valve closed. The shut-off time in
seconds was recorded.

(d) If either the CO or HCN meter readings showed a further increasing
evolution of these gases, the ball valve was reopened; the pump was
turned on, and time in seconds was recorded. The pump and valve were
turned off and on again if further increases in CO or HCN were observed,
registering the elapsed time for each.

(e) With the combustion gas mixture isolated in the chamber, the wheel ro-
tation and Ti/breathing rate sensor recordings were continued for 15 or
30 minutes. Ti's and Td's were recorded for either test period option.

The observed Ti was normalized in terms of a 200g rat and the fractional ac-
cumulated dynamic exposure time based on 15 or 30 minutes in accordance with
the following formula:

Ti (normalized) = Ti(obs.) x SF x 200 x 100
60 x 900 x W x A

Where: Ti(obs.) = observed Ti in seconds from start of test

W = weight in grams of test rat

SF = summation of exposure times to gas flow, seconds

60 = 60 sec/minute conversion factor

200 = normal rat weight, grams

900 = total test time, seconds

100 = standard area of CHAS sample, in2

A = Area of CHAS sample actually burned, in2

Td's were recorded directly in minutes without normalizing calculations.
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Maximum temperatures measured within the animal test chamber did not exceed
97°F (36°C) during tests for all radiant flux levels normally selected to test
materials in the CHAS. This temperature level does not exceed the temperature
104'F (40°C) known to produce incapacitation of the rat in 30 minutes due to
thermal stress alone (Reference 16).

The principal objective of the animal tests was to correlate the Ti results in
the CHAS/SATS and the CFS, comparing the relative rankings of the panel
materials with those predicted by the FACP. Typical Ti test records are
shown in Figures 24 and 25.

In the preliminary development of the SATS, panel number I was tested 9 times
at 4.41 Btu/ft2 sec radiant flux to develop a suitable test procedure and
protocol for use in the program. The difficulties of obtaining a Ti or Td
endpoint within the time intervals required to completely consume the test
materials were exemplified by the data shown in Table 11.

From the above tests, a flow rate of 14 liters/minute was finally selected as
the pumping rate from the CHAS chamber through the SATS to obtain a useable
endpoint for all further tests. An evaluation of SATS data is given in the
Part I report.

CFS ANIMAL TESTING

During Panel No. 1 tests, 1 and 3 rat open mesh driven split wheel cages
employing sensors of the same design as in the SATS were used and simply
shielded from radiant energy by aluminum foil. As discussed in the CFS test
section of this report thermal insulation was needed. A modified, insulated
polycarbonate enclosure with forced ventilation was provided as shown in
Figur- 26

Each of the six rats (in four chambers) had one dedicated channel on an
8-channel ASTRO MED SUPER 8 hot-pen recorder. Temperatures in the four
chambers were multiplexed on the seventh channel and recorded each three se-
conds so that each chamber temperature was recorded every 12 seconds. Ti test
records from the CFS tests were similar to Figures 24 and 25.

The procedure during a run was to stop the vacuum pumps pulling air through
the chambers when maximum CO concentration was reached as was done in the
laboratory CHAS/SATS testing. This procedure was repeated to retain maximum
gas concentration since CFS ventilation was continued until reentry could be
made after the CFS had cooled.

The recorder charts for the Ti sensors in the various cages indicated that two
subjects escaped from their cages prior to the start of the test. Those at
the multiple cage testing location appeared to show Ti in 5 minutes. The
single subject under this set of cages (Zone 12) appeared to reach Ti at
approximately 5.5 minutes. With the exception of the two escapees, who
survived without any ill effects, all other subjects were dead on opening the
chamber I hour after the test
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rABLE 11

CHAS/SATS Tl TESTS OF PANEL 1 MATERIAL

SATS FLOW RAT
RUN FLOW RATE TERMINATED WT. Ti Td
NO. LITER/MIN SEC GRAMS SEC SEC REMARKS

47 1 1800 350 - No Results

48 1 1200 356 - No Results

49 4 300 334 - No Results

54 5 180 210 - No Results

NO CHAS DATA 10 180 230 720 - Td Elicited with
CO

NO CHAS DATA 14 216 239 972 - Td Elicited with
N2

72 14 192 234 990 1260 Vl Turned Off at
Maximum CO

73 14 204 194 252 720 Same as Above

NO CHAS DATA 14 180 259 750 1200 Same as Above
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FIGURE 26. INSULATED ANIMAL CHAMBERS AT THE CHI POINT

The Ti sensor chart and computer recordings for the subject exposed inside the

thermally protected polycarbonate box showed that this subject did not arrive
at a Ti endpoint until after the end of computer data acqusition at 1304
seconds. However, upon opening the chamber later (I hour) this subject had
expired.

Program development was essentially completed with the scheduled burn of three
No. 1 Panels in the CFS at 4.41 Btu/ft2 sec. This included CHAS/SATS test
methdology, its data acquisition, writing the data reduction programs and need
for computer language translation in preparing data tapes for the IBM 370
Fortran program. The peronnel hazard limit curves were finalized at the best
knowledge then available and with CFS testing optimized and operational. The
Fortran program could not yet predict flows, to our satisfaction, through the
cabin zones to match CFS data and revising the zone wall flow coefficients was
continued through CFS tests on panels 2 and 3. The results of tests on these
panels and the demonstration panel 4 were discussed in detail in the Part I
report.
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IV. FIRE ANALYSIS COMPUTER PROGRAM

SELECTION OF CABIN FIRE MODEL

The CHI program work statement (September 1977) included a task to utilize
currently available cabin fire modeling technology. The model was to ..."con-
sider the effect of the magnitude and propagation rate of heat, temperature,
smoke, and gases generated by a materials fire in one cabin location on ad-
jacent and distant cabin environments and materials."

A review of the available literature on fire modeling, in particular for air-
craft cabins, did not reveal any models or computer programs that could be
used (or easily modified). The specific materials fire model and the fire ex-
posure conditions imposed by the selected crash fire scenario prevented direct
application of existing model programs for use in the CHI methodology aevelop-
ment.

The University of Dayton Cabin Fire Modeling Program (DACFIR) was designed to
predict the propagation rate of flame from one fuel material surface to ad-
jacent surfaces and the growth and space-time distribution of hazards in the
cabin environment. In the CHI program a single material (composited panels)
was exposed to radiant heat flux in the pilot light mode in a vertical ori-
entation. Since the radiant flux was approximately uniform over the area of
the specimen, flame involvement was nearly instantaneous. The laboratory
(CHAS) and full-scale heat exposures and test panel orientations for each
series of tests were kept the same. The panel area and airflow in thp two
test regimes were different.

Thus, fire modeling research studies such as the 2 and 3 dimensional flow
studies of heated gases and smoke at the University ot Notre Dame, fire plume
and ceiling jet models from wood crib sources, furniture, liquid pool fires,
etc. under development at the NBS Center for Fire Research, Factory Mutual
Insurance Company, Harvard University and others, were not easily adaptable
for use in the CHI program. A cabin Fire Analysis Computer Program (FACP) was
developed in Fortran IV language based on heat and mass balance principles
used in existing aircraft cabin heating and air con- litioning technology.
lhe basic elements of the fire dynamics model used to develop the FACP are
depicted in Figure 27.

COMPUTER PROGRAM DESCRIPTION

The CHAS burn test data for a material were stored on the HP9825B computer
disc (or tape) in processed form after each experiment. Ten channels of data
consisting of 600 one-second data points were recorded in blocks (strings) for
each parameter measured by the CHAS. Three additional 600 data point blocks
were recorded from curves prepared from the batch sampling and analyses for
HF, HC1, and aliphatic aldehydes kRCHO). The 13 blocks of processed data were
transferred via the Dylon Formatter to an IBM 7-inch, 9-tracK 900 BPI tape,
and input into the IBM 370 FACP directly or recorded on disc for more con-
venience in accessing and processing data on a repeat basis for development
purposes.
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As shown in Figure 28, the main program calls 6 subroutines in processing the
IBM 370/CHAS data blocks for each hazard or measured parameter. The
differential equations (DIFFEQ) subroutine calculated the derivatives of 260
differential equations in a double do-loop procedure. The number of equations
depended on tne number of gases recorded during CHAS burn tests and the number
of zones. The same set of equations was used to calculate all hazards for the
single zone program but computation time was greatly reduced since only

QFIRE CONVECTION + QRADIATION

QFIRE = QSTORAGE + QLOSSES + 0 VENTILATION
WALLS
AND AIR

-WALL TEMPQ
t 6 r

QSTORAGE cQ LOSSES
QAIR T,, Af -Q VENTILATION

AIR TEMP INTERIOR
__MATERI1AL_________

ALL PARAMETERS VARY WITH TIME

A FIRE SIZE DETERMINES HEAT OUTPUT

t, AIR TEMPERATURE

t SURFACE TEMPERATURE

FIGURE 27. FIRE DYNAMICS MODEL FOR FACP

the total CFS cabin volume was involved. The flow dynamics subroutine
(FLODYN) was not needed in the single zone program since the assumption of in-
stantaneous complete mixing of gases, heat, and smoke was operative
(well-mixed reactor approach). Differential equations describing the time
histories for each zone wall and air temperature, smoke density, CO, C02,
H 0, 02, N2, and NO/NOx were numerically integrated. Provision for 3
additional gases were included for printout in the program out of an optional
list of 7 toxic gases.

The individual gas constants (molecular weights and specific heat capacities)
were input into the program. These constants are listed in Appendix C.
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FIGURE 28. 20 ZONE FIRE ANALYSIS COIWUTER PROGRAM

W,-n all of the derivatives in the DIFFEQ subroutine were evaluated, a double
p- :-ision differential equation (Runge Kutta) subroutine (SBR RUNGU) nu-
merically integrated the equations to obtain the concentration values of each
hazard for the next time point. The computing time interval for successful
use of the Runge Kutta procedure was 0.02 seconds. Any longer time interval
made the system of equations integrations unstable and resulted in incorrect
data output or an IBM 370 progam interupt from an overflow in various storage
registers. This highlights one of the 20 zone program deficiencies since 15
minutes of computer processing time was required to process 300 seconds of
burn test data at a cost of $700 per run (day cost) or $350 (night-deferred).

The last , broutine (ESTI) calculates the fractional doses for each hazard
based on the individual personnel hazard time to incapacitation limit curves
presented in Section I11, and prints out the CHI. The CHI in the 20-zone pro-
gram was determined for the arbitrarily fixed "CHI location" (Zone 13) or for
any zone. Only one CHI value is determine when Z FOi = I in the case of the
single zone FACP. Tne program loops back to the print subroutine (SBR print)
and prints out all calculated data at preselected time intervals during the
10O-second burn time. Five second intervals were selecte". as the optimum for
printout in the FACP determinations. Examples of the IBM printout of pro-
cessed data from runs made using the 20 zone and single zone programs are pre
sented in Appendix C.
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FLOW DYNAMICS ROUTINE The FLODYN subroutine used to calculate zone to zone
flows of smoke, heated air and gases from the vertically oriented 4 x 6 ft.
panels burned in the CFS was developed on the basis of a simplified
semi-empirical treatment of the problem. Each zone in the model was assumed
to be instantaneously well-mixed. Thus flows were calculated only across the
boundries between zones, and temperatures, smoke and gas concentrations were
considered isotropic at any instant within zone boundries. The arrangement of
the twenty zones in the cabin is shown as Figure 29.

AIR IN ---- I

', ,2 -- RADIANT PANEL

FIGURE 29. 20 ZONE CFS FIRE MODEL

Each zone has a number and its connection to other zones is defined by a two
aimensional array, P (I, K) where I is the zone number and K is the six sides
of the zone (four walls and the top and bottom of the zone). The number K in
the array defines which zone connects to the zone I for each of the six
sides. If one of the sides of zone I is a wall K it is set equal to zero
wh~ich will indicate that gas flow cannot pass through that surface. The di-
mensions of the P array are P (20, 6), and thus there are one hundred and
twenty numbers in the array which define all of the interconnections between
Lones. Another array CA (i, K) defines the flow coefficient times the flow
area for each of the surfaces in the P (I, K) array. A third KADL (I, K)
array provides a KA/L heat transfer term between zones for each of the sur-
faces in the P (I, K) array. The input value for the KA/L heat transfer term
was estimated from known air atmosphere values.
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When the FLODYN subroutine is called, values for each of the variab;es for the
current time point are Known. The total pressure in each zone is calculated
from a summation of the partial pressures in each zone. The flow from a zone
to each of the six sides oi a zone is calculated in a double do-loop of zones
and walls of a zone as a function of the total pressure differential across
connecting zones. The P (I, K) and CA UI, K) arrays are used to determine the
interconnections and flow coefficients to be used for each surface. If the K
value in the array is zero, indicating an outer wall surface, the flow cal-
culation is bypassed. Ihis routine is continued for all of the 120 surfaces
involved. The zone to zone flow equation, selected for use in the computer
program, is the Perry orifice equatior reported in Reference 20.

Pr2  (1) - p2  (K)
WTa (1)

Where: 4 = Mass f;ow rate of gas, Ib/sec.
CA (I,L) = Flow coefficient x irea of zone (I) to connecting zone K,
L=l, 6
= P(I, L): I Zone No.; L = 6 Sides

PT (U) = one Ul) pressure, PSIA
PT (K) = Connecting Z-'ne (K) pressure, K = 1,20
Fa (1) = Zone (i) temperature differential, *R

Thus, all the possiole flows through the ,arious zones are taken into acount.

Ine flow of smoke from zone ro zone is made proportional to the total volume
flow between zone ("particles" per ft3 sec). A derivation of the smoke flow
algorithm and formulas used in the FACP is presented in Appendix C.

The flow of individual gases is calculated from the ratio of the partial
pressure of the gas to the total pressure of gas in a zone times the molecular
weight ratio of the gas to the molecular weight of the mixture:

W(J) = W(1) x P-{J) x (J

Where: W(J) = Flow of gas J, Io/sec
W(I) = Total flow, 10/sec
P(J) = Partial pressure of gas, psia
PT() =Total zone pressure, psia
M(J) = Molecular weight of gas, lb/mole
M(I) = Molecular weight of gas mixture in zone (I), 10/mole

Ine enthalpy change in the zone to zone flows is calculated from the known
total flows and zone temperatures and zo'ie specific heats. The heat transfer
Detween zones is calculated from the temperature differential Detween zones
and the KADL term. The equation is-

Q (1,L) [KADL(1,L)JLTa(I)-Ta(K)]
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Where:

KADL (I,L) = Heat transfer term between zones I to K,
I = 1,20; L = 1,6; Ta(l) and Ta(K) = zone and zone boundry air

temperatures, 'F

Q (I,L) = Heat flow across zone surfaces.

ne combustion gases exhaust to ambient through an exhaust duct from zone six-
teen. The total flow is calculated using an incompressible flow equation:

A A 'PT(6) x LPT(16' - PAMB] x 2 gI RM (16) x Ta (16)

Where: CAEXH = Exhaust duct flow coefficient x area, in
2

PT(16)= Total pressure in zone 16, psia

PAMB = Ambient pressure, psia
g = Gravitational constant, 32.17 ft/sec

2

RM(16) = Zone 16 gas constant 10.73,
ft-lb/Ib-0R

Ta(16) = Gas temperature in zone 16

The flow of the individual gases and smoke exhausting from zone 16 is cal-
culated in a manner similar to the zone to zone flows. The data calculated in
the flow dynamics subroutine is used in subroutine DIFFEQ in obtaining the
rates of change of all of the variables. The equations are then numerically
integrated by the IBM RUNGE KUTTA routine which has been written into the pro-
gram. The flow dynamics subroutine repeats the calculations for each com-
puting time interval while all of the variables are varying with time.

Tne 120 unknown zone interface flow coefficients were not determined
mathematically. The CA flow coefficients were selected and ad- justea in the
program on a trial and error basis using the CFS test data meas- ured for
panels 1, 2 and 3. Larger CA values were set for vertical surfaces in a zone
with the largest values set for zones in and near the burning panel. Tnus,
the flows were generally directed to account for larger ceiling flows and with
increaseo downward mixing toward the CFS exhaust. Because of the limitations
imposed oy program cost constraints ano the trial and error approach required
to develop the FACP, the changes in input variables needed for best
predictability by the computer program were not optimized.

Only 4 first order differential equations were used in the compute program:
(1) smoke, and (2) air and compartment (zone) wall temperatures, and (3) gases
partial pressure (mass concentration). Tne calculation procedure looped
through all of the equations for each time point and zone in sequence with
uounding zones until all hazards were evaluated in every zone. The do- loop
procedure provided a means for describing the transient changes in hazards
concentrations in the system in a concise manner.

DEVELOPMENT OF DIFFERENTIAL EQUATIONS

Douglas extensively uses computer programs to solve engineering problems.
arising from the need to guarantee the pull-down time to cool an aircraft from
a hot starting condition to comfortable air temperature using onboard or
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yround equipment as a source of cooling air. Tnis involves the solution ot
differential equations describing a heat balance on the aircraft as a function
of time during the cooling period. Heat transfer, heat capacitance, cooling
air flow rates, and temperatures are the parameters considered in solving thi-

problem. The technique has been used on many different aircraft with good
success.

In considering what happens in an aircraft fire, the same problems are faced
that nave been solved in transient heating or cooling of an aircraft.
Unsteady heat transfer into and out of materials and equipment, thermal
capacitance, heat losses, ventilation rates, and compartment sizes, are the
same parameters used in a fire analysis as well as in heating and cooling
problems in an aircraft.

Tne differential equations approach to fire analysis, explored during the

early iRAD fire analysis effort, showed that fire dynamics could be handled in
tnis manner. Transient air and surface temperatures obtained by analysis
agreed very well with those obtained in actual fire tests. The concept can be
further developed to describe what happens to the materials being heated or
burned, and the products of combustion or material emissions can also be
determined analytically as discussed in the following pages.

if fire, the temperature of the air heats up rapidly due to the convective
near. flux from the fire and oecause the air has a very low thermal
capacitance. The surface temperature of materials at a distance, and not
directly in contact with the flames, increases more slowly due to the higher
thermal capacitance of the naterial and due to the strong radiation view
factor effecting on objecLs at a distance from the fire. Another important
factor is the characteristic of tne so-called unsteady temperature gradients
in the material as a function of the thermal diffusivity, conductivity, and
tne specific heat and density. For example, a material with a low thermal
conductivity would not conduct the heat away from the surface as fast as the
neating rate being applied, and the surface temperature would rise faster than
points within the interior of the material. Tne neat flux entering a surface
is also a function of the surface temperature, and in order to analytically
describe now the heat of a fire is being dissipated, it is necessary to
describe mathematically this unsteady heat flow phenomenon.

Fne cabin section volume and the external environmental conditions affecting
ventilation in an accidental crash fire scenario, must also be included in the
mathematical model. Laboratory fire test data taken in a small chamber cannot
oe applied directly to a large compartment. In addition to the heat flux
problem discussed above, consideration must be given to the rate at which
toxic gas emissions from the decomposed material affects the concentrations of
these gases in the cabin atmosphere. Obviously it is not practical to perform
and interpret burn tests on all potential materials and combinations in a
full-size cabin fire test chamber. Tnis leads to tne conclusion that some
analytical procedure is required which will bridge the gap between laboratory
tests and the fire scenario for a full-sized aircraft.

The unsteady heat flow problem has been widely treated in literature. Heat
transfer notes by L.M.K. Boelttr and others (Reference 21) presented plots
showing the temperature change characteristics of materials suddenly thrust
into a hot environment. The plots were calculated by using an infinite series
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Ts- Ta 1 (1)

TsT ha8 h

ekL k

WHERE: DIMENSIONLESS PARAMETERS:

a = THERMAL DIFFUSIVITY, ft2/sec

L = HALF T! :CKNESS, ft a8 . FOURIER'S MODULUSL2

0 = TIME, SECONDS hLhL BLOTIS MODULUS

k = CONDUCTIVITY, Btu/sec ft OR O
'h2  IL 21'O

h FILM COEFFICIENT, OR ?

T,= SURFACE TEMPERATURE, °R

T AIR TEMPERATURE, OR ha@

T = INITIAL SURFACE
So TEMPERATUPE, OR

! !
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k

FIGURE 30 TRANSIENT HEAT TRANSFER P'OT FOR EQUATION 1
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soiution proposed by H. Grober. The procedure used is tedious and only
considers a case where the external surface neat transfer coefficient and
temperature are constant. The method does not appear to have direct
application in analyzing the dynamics of a fire.

During IRAD work at Douglas on the development of fire analysis techniques, an
"Grober Plot" for a surface. This is Equation 1, in Figure 30, and points

calculated with the equation are plotted on a Grober plot to snow the
agreement over a wide range of the dimensionless parameters. This equation
was differentiated to put it in a differential form (Equation 2) and the
surface area and the thermal capacitance of the material were included in the
equation by transformation of some of the parameters.

The differentiated form of Equation 1 representing the differential equation
for inside surfaces is:

he(Ta-Ts) 2As + e he a L

dTs SS 2 kL (2)

do +V -ae heae
1 + e ae e k L

Now the equation can accommodate external temperature changes as described by

its differential form. The outside surfaces differential equation is:

[he (Ta- T)-U(Ts- T.)] As [ -heal

eT aMCs sls+ L~ e- eiJ 3+M C-- k - (3)d's =s s L  2VT-J

h hea
1+ ae e kL

Variations in the external heat transfer coefficient can be permitted by
defining a combined convection plus radiation heat transfer coefficient as
shown oelow. This is then substituted into Equation 2 and 3.

P(T4 - Ts4 ) Afhe = ha + hr = ha + T x 0.1714 x 1-(Ta - T S) A s
108(Ta s ) As

The total heat flux per unit of surface area is:

o = he (Ta - Ts ) = Qconvection + Qradiatlon
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Where:

T = Radiation View Factor. Dimensionless

Af Flame Area, ft
2

A Surface Area, ft2
s

Cs = Specific Heat, Btu/lb OR

H - Convective Heat Transfer Coefficient, Btu/sec ft2 oRa
M = Weight of the Material, lbs

T = Outside Surface Temperature, OR

U = Overall Heat Transfer Coefficient, Btu/sec ft2 °R

Equation 3 now can be used to describe the surface temperature of a material
being subjected to the rapid heating which occurs during a fire when all of
the parameters are changing continuously. The exponential terms automatically
take care of thick or thin materials, and the effects of time. For a thin
material the exponential terms remain in the equation and provides the desired
relationship of surface temperature and temperature gradients within the
material. Time also causes variations in the effect of the exponential term
causing it to go to zero at steady state. The above approach eliminates the
need to use partial differential equations to describe the unsteady heat
transfer phenomenon.

Equation 2 can be used to describe the thermodynamics of interior material
such as seats, partitions, and equipment where heat is flowing into both
sides. An exterior wall has heat flowing into one surface and heat losses
through the other to the outside. These effects have been added to the
equation, giving an external wall differential equation, as shown in Equation
3.

An air temperature differential equation is shown in Equation 4. It describes
effects of volume, ventilation rate, heat exchange between, materials and
convection from the flame of a fire.

d - _ -1 [Afhf(TF " T) - WCp(To-Tc)+ hwAw(T 6 - T0 )l (4)

dO MaCp

Where: do
d-- = Air temperature change in a zone with time, OR/sec

Ma = Rno x V, weight of air in the zone, lo.
Cp = Average specific heat of air, Btu/lo-°R
Af = Flame area, ft2

hf = Convective heat transfer coefficient, Btu/sec ft2 OR

rF = Average flame temperature, OR
T = Temperature in a zone, OR
W = Mass flow of ventilation air, lb/sec
Tc = Temperature of incoming ventilation air, OR
nw = Cabin wall heat transfer coefficient bounding a zone,

Btu/sec ft2 OR
Aw = Area of wall, ft

2

Ta = Wall temperature, OR
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The first term within the brackets in equation 4 calculates the heat exchanged
between the flame and air. The second term subtracts the heat carried out of
tne cabin (CFS) by ventilation air and the last term calculates the heat
exchange between the walls and air.

The zone air differential temperature equation used in the FACP was derived by
equating tne thermal capacitance of the air times the rate of change of the
air temperature to a summation of the heat flow into or out of the air. The
equation is:

MaCpdT/dt=L(Heat Flows)

Substituting the ideal gas equation (P=pRT), the equation becomes:

dT/dt=RT/(PVCp) x (Qin-Qout) t5)

Where: p = Density of gas, ID/ft 3

Qirj & Qout includes the enthalpy change of the flowing gases plus heat
from the burning material along with the heat exchange to the walls.

DIFFERENTIAL EQUATION FOR SMOKE - The smoke data obtained from the CHAS tests
anc stored on tape is oefined oy the following equation.

S = Loglo(lOO/T) Q/LA (6)

Wnere:

S = Smoke Units, "particles"
T = Fraction of light transmission (varies from one to zero)
L = Smoke detector light path length, m
A = Sample area, m2 (CHAS value)
Q = CHAS airflow rate, m3/min

rhe flow of smoke is assumed to be proportional to the total gas mixture
volume flow rate.

rhe flow of smoKe into and out of a zone is:

Sin - Sout = Sl WMin/RHOin - S2 WMout/RHOout

and the differential equation used in the FACP for smoke was:

dS/dT = (Sin - Sout) AP/V (7)

Where:

S, = Instantaneous smske concentration flowing into the zone,
"particles"/ft

52  = Instantaneous smske concentration flowing out of the zone,

"particles" /ftJ
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WM = Weight flow rate of the gas mixture, lbs/sec

RHO = Density of the mixture, ins/ft
3

Sin = Smoke flow into a zone, per ft
2

Sou t = Smoke flow out of a zone, per 
ft2

AP = Area of burning panel, ft
2

V = Volume of the zone, ft
3

[he equation behaves like a differential pressure equation where gas is stored
or depleted in a volume (capacitance) as a function of time. The smoke level
can build up in a zone as a function of the total flow rates.

A differential equation giving the rate of change of the partial pressure of
each gas is obtained by differentiating the gas Law.

The gas law is:

Piv = MiRiT (8)

Where:

Pi = Partial Pressure of Each Gas in Mixture, lbs/in 2

Mi = Weight of each Gas, 1D

Ri = Gas Constant

V = Volume of Zone, ft
3

F = Absolute Temperature, 'R

dP RiT[M Mi] ()R
dt T + [ ilN MO](9)

M.
1 IN - Mass flow rate, bu/sec of each individual gas into the zone.

M.
IOUT - Mass flow rate, lb/sec of each individual gas out of the zone.
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lhe,,e quat)ties jre functions of the tlow into and out of each zone, and the
generdtion rate from the fire for each of the individual gases.

The differential equations were numerically integrated for each gas along with
the other differential equations in the CHI program. The partial pressure of
each gas will be known in each zone as it varies with time.

The total pressure in the compartment can be obtained from a summation of the
partial pressures.

P =ZPi (10)

and the weight of each gas can be obtained from the gas law:

P.V (11)Pi
Mi = Ri- and Total M =Z Mi

The gas constant for the mixture is obtained from:

Rm  = Z (Mi Ri)/M (12)

and C = E (Mi Cpi )/M (13)Pmxture 1P

and C e= (Mi C vi)/M (14)Vixture 1V

and C (M. C.)
2: (Mi  C )

v vi)

Where:

Cv = Heat capacity of the gas at constant volume

The derivation of an equation used to express the zone to zone flow of
individual gases which is used in the flow dynamics subroutine is given below:

The ideal gas law is:

MT :ETV/(RTj (MW)ave

mi =EPiV/(RT]j(MW)i
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The mass fraction of gas "i" in a zone is:

mi/MT = Pi/PT(MW)i/(MW)T

The constituent gas weight flow out of a zone is:

wi = mi/MTWT =(Pi/PT)(MW)i/(MW)ave WT

Nonmenclature used in the gas equations are as follows:

Uppercase symbols.

M Mass, Ibm
P Total pressure, lbf/ft 2

V Zone volume, ft
3

T Temperature, 'F
R Universal gas constant
MW Molecular weight
W Total flow, lbm/sec

Lowercase symbols

m Constituent gas mass, Ibm
p Constituent partial pressure, lb/ft2

w Constituent flow, lbm/sec
v Constituent partial volume, ft

3

Subscripts:

i Refers to specific gas constituent
T Total

ave Average gas property

The differential equations used in the FACP were: inside wall temperature

(Equation 2); air temperature (Equation 5); smoke (Equation 7); and gases
(Equation 9). Tne outside wall temperature, Equation (3), was not used in
the final version of the FACP. Toxic gas concentrations (Mi) were
calculated oy the FACP as ratios of the individual partial pressures to the
total pressures. The total pressures at any instant were not precisely known
since all of the gases evolved in the combustion process were not measured in
the laboratory (CHAS). However, air plus the major products of combustion
that were directly measured (CO, C02 , 02 depletion) accounted for 90-95%
of the mass balance in the CFS tests as ca Tculated by the FACP. Nitrogen and
H20 vapor mass concentrations were calculated. A derivation for the method
of calculating water is included in the Appendix. Smoke was measured in terms
of optical transmission and was not included in terms of mass optical density.
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Fortran versions of the four differential equations descrioed above have been
coded into the CHI computer program in do loop routines whicn are the same for
all zones and gases. Each gas has a particula;' gas constant and specific
heat. rhe zones are described by their volumes, surface areas and wall heat
transfer characteristics. The program loops through the gas partial pressure
equation for each gas in a zone, and it then continues on to the next zone
until all of the zones have been analyzed for a time point. This cycle is
repeated for each computing time interval to the maximum time specified for
the run.
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V. TEST MATERIALS

MATERIALS SELECTION

Candidates for selection of four materials were to satisfy largely the fol-

lowing criteria:

1. Represent interior cabin materials currently in airline service or under
development.

2. Possess a large exposure area and potential high fire load (total weight
in cabins).

3. Comprise sufficiently differing chemical compositions to evolve meas-
urable quantities of many probable gaseous products.

4. Contain an organic resin content high enough to evolve quantities of
heat, smoke, and gases at levels that substantially approach or exceed
personnel hazard levels when reasonable areas are exposed to a simulating
fire scenario heat source in CFS testing.

Four large area cabin panels were selected to represent a wide range of
typical constructions. The first was a then current, wide-body honeycomb
sandwich construction with decorative covering on both sides used for part-
itions, galley and lavatory walls. The second was a current production
panel. rhe third panel was a 1958 wall panel design. The fourth panel was
identical in construction to panel 1, except that epoxy resin instead of modi-
fied phenolic was used in fabrication.

PANEL FABRICATION

PANEL NO. 1 FABRICATION - Panel No. I was made earlier in the program than the

final three. Six 48 X 96 inch panels were fabricated for use in laboratory
and full scale Cabin Fire Simulator (CFS) testing. Fabrication was observed
by an engineer who selected production materials to be identical in all
panels. Due to press capacity, these were made in three press operations.
This panel consisted of the following commercially available components.

Decorative Outer Layer: Tedlar () /Vinyl laminate, Type 3-10-195 polyvac T
Green and Blue Cork, Mf'd. 10-25-73 lot 12723 Polyplastix United, Inc.,
Chicago Division. Facing: Phenolic Impregnated "C" Stage Fiberglass laminate
Cloth, 31.3% resin content, Hexcel Corp., Mf'd. 11-22-77 Batch No. 4i320.
Core: Nomex Honeycomb, Phenolic impregnated, DMS 1947J Class 2, Type 1, Grade
A, 0.700 inch thick Orbitex HMX-l/4-1.5, Mf'd 8-77. Adhesive: (Facing to
Core) Epoxy film adhesive MDS 1903D, Weight 0.040, Reliable Manufacturing
Company, Mf'd 2-28-78. Blocking: None. Glasing: None. Primer: National Ad-
hesives No. 41-4463. Table 12 gives a breakdown of the structure and com-
position of panel material No. 1. The element content shown for each poly-
meric constituent is known or was obtained for certain elements using X-ray
fluorescence spectroscopic analysis. The weights of each polymer type per
unit area, and for the 4 X 6 foot panel size used in full scale tests, are
listed also.
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FABRICATION OF PANELS 2, 3 AND 4 - Five 4 X 8 foot panels each of three
constructions shown in Tables 13, 14, and 15 were fabricated under engineering
supervision with the same attention to detail as witn Panel No. 1. These
panels were cut to the 4 X 6 foot size for CFS tests and the ends of each
panel (2 X 4 feet) cut into 10 X 10 inch specimens for CHAS testing. All
specimens were identified so that data from CHAS and CFS tests were from the
same panel.

TABLE 13

PANEL MATERIAL NO. 2 CONSTRUCTION

LAMINATE f WEIGHT LBS/FT
2  

IFI EDPA EL 'HYSICALS

STRUCTURE MATERIALS (GRAM/M
2
) 1WT. LBS/FT' ITHICKNESS-IN.

Polyvinyl Fluoride 0.10
Decorative Film (488.2)
+ Adhesive

"FLY SCREEN" 0.12 0.508 lb/ft 2  0.5

. Phenolic Fiberglass (585.9)
W/Epoxy Adhesive

Q (2480 gym
2
)

NOMEX Honeycomb 0.056
Filled W/Fibergl. (273.4)
Batting W/Phenolic 0.0225
Binder (109.9)

Phenolic Fiberglass 0.10
(488.2)

SiPhenolic Fiberglass 0.1I
With Epoxy Adhesive (537)

CFS TEST PANEL 4' x 6' (2.23 m
2
) 12.19 lb

(5.529 Kg)

ALL 5 TEST PANELS

OMS 2008, Polyvac T, Material No. 76-117, Class 1, Poyplastex
United, Inc.

OMS 2018, Reliabond, Product R1717-1507/60 x 96 in., Lot/Roll
509/20, Mfg. Date: 3-11-80. 0.12 lbs/sq. ft., Reliable
Manufacturing Inc.

DtIS 2068, Hexcel Acousti-core, HRH 10 Acousti-core, Lot: 02609
1.5 PCF, 0.25 in. cell size, 0.45 thick, Hexcel
Structural Products.

, DMS 2055, Type 1, Grade A, "B" Stage Phenolic/Glass, Product:
(4) MXB6032/181, Roll 42, Mfg. Date: 3-21-80, 0.10 lbs/sq.

ft., Fiberite West Coast Corp.

l ) MS 2017, Type 1, "C" Stage Phenolic/Glass, Product: NB1306-7781,
2017,Batch 000095, Roll/unit 000048, Mfg. Date: 2-14-80, 0.11

Lbs/sq. ft., Newport Adhesives
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TABLE 14

PANEL MATERIAL NO. 3 CONSTRUCTION

LAMINATE WEIGHT q/F7
2  F L3 Z 3-

STRUCTURE MATERIALS _GPAM/,d) _ ._ T _ _ IC ' ESS-',.

IPANLAM
_Cloud White 0.195

10.026 Gage (952)
LSEN,; RIGID

PRIMER 
0 0. . . . 0.0102

(48.8)1.281b/f

PCPLAR 00D C 0.365 2 0.75 in
I(1743) (6335 g/m

AHOESIVE 0.045

(Epoxy) (220)

fPAPER HONEYCOMB
CORE, 0.45" Thick. 0,065

FP TPEA'E0 (332)

CFS TEST PANEL 4' x 6' (.23m 2
) 31.15 ID C.75 in.(14.16 Kg)

ALL 5 TEST PANELS

DMS 1895, Type 5 PANLAM: .026 Gage Color: Cloud White P. C.

CD 6BR867486-9 DATE: December 3, 1976
Vendor's Const. -76-250

02 DPM 5411 Adhesive Primer

(," DMS 1526E .125 Thick Type 1 CR F&B Poplar Wood DATE: 1-10-80 General

Veneer Mfg.

O DMS 1903 Adhesive Batch: -A-2798 Roll '2 DATE: 4-80 Fiber-Resin Corp.

FR-7031-2

( ' DMS 1925, Type 2 Paper H/C .45 Thick (No I.0. Tags)
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VI. CABIN FIRE SIMULATOR TESTING

CFS TESr SETUP

The full-scale tests performed in support of the Combined Hazard Index Program
were conducted in the Douglas Cabin Fire Simulator (CFS). The objective of
these tests was to develop tne laboratory test methodology and demonstrate the
capability of the computer program to predict the environmental spectrum
within the CFS. The interior of the CFS was configured as shown in Figure
31. The interior of the cabin was segmented into 18 zones plus two zones for
interface with the computer program. The boundaries of 18 zones which were
formed by two horizontal planes 32 and 64 inches above the floor, two vertical
station planes at 152 and 314 inches and one vertical plant on tne
longitudinal centerline of the CFS. Tne two computer interfacing zones were
physically located within the 18 zones and due to their physical size
overlapped several compartment zones. Zone I was the radiant panel and zone 2
the specimen panel. The 20-zone computer program split the output of these
two zones based on their area of intrusion into the 18 compartment zones. For
conputer identification these zones were numbered from 1-20 as shown in Figure
31. They were identified in CFS data relative to their geographic position in
the ch3mDer and their vertical location, i.e., upper, mid, and lower, so tnat
the lower zone farthest from the radiant quartz lamp array was identified as
LSW lower southwest). Certain locations show a "T" for thermocouple or a "P"
for photometer, as appropriate. Eighteen major instrumentation points were
located in the center of each of these zones and in the air exhaust duct. Vne
baseline test aluminum panel and the test samples were exposed to the radiant
.lux emitted from the radiant quartz lamp panel modules arranged to produce as
uniform a flux as possiole on the exposed panel. The test panel, during
exposure was mounted on a weighing fixture with the panel face 32 inches from
the quartz lamps. Ventilation of the chamber was achieved by pumping air
through a plenum mounting the lamps and exited through a pumped exhaust at the
far end of the chamber.

ZONE INSTRUMENTATION - A thermocouple was located in the center of each zone.
Nine photometers samp!ed the smoke density as percent transmission thrcugn a
i2-inch light beam as recorded by a Weston cell in each instrument, located Ir

the zones on the cabin side opposite from the panels.

The temperature of the air was recoroea both as it entered and exitea -
chamber. These measurements were made by thermocouples mounted in tre ent,
and exit air ducts. The air temperature was also measured one inch dnd.?,-

ceiling on centerine between the main tnermocouple mounting trees.

CHAMBER VENTILATION - Air entered Lne chamber at 875 cfm fluw ratt, i i
temperature througn a plenum chamber mounting the radiant source.
flowed uniformly around all of the radiant elements proiainq t'wi
cooling for the power cables and ceramic reflectors. Aftw
the CFS the air exited through a simulated door opening v. :,.
and out through a 6-inch auct in the center of the end Iomt, I
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QUARTZ LAMP RADIANT ARRAY - Simulation of the post-crash fuel fire radiant
flux was achieved with 16 Pyropanel modules, Model No. 4083-16-12 fabricated
by Research Inc. This assembly is shown in Figure 32. The array was 91
inches wide by 64 inches high, with the 8 upper and lower units separated by a
center spacer in order to achieve a more uniform flux distribution. The
radiant energy of this array consisted of 184 1600T3 CL tungsten filament
quartz lamps operated at 240 volts. The filament temperature at this voltage
was 4000OF with a spectral energy peak wave length of 1.2 microns. Total
power to the array was 294.4 Kw. Power to the array was supplied using 4
ignitrons operated in the manual mode. Initial setting of ignition power was
made by measurement of the voltage at the array to insure that 240 volts was
present correcting for voltage drop in the power cables.

The radiant array was mapped (Figure 33) to determine the optimum distance for
specimen location. This was accomplished using 5 Medtherm Calorimeters, each
with a 0-20 BTU/ft2/sec. range. The objective was to select a plane in
which the incident heat flux was most uniform at each selected heat flux.
This desired flux was selected to coincide with that being used in the HRR
chamber.

A plot showing the approximated fl x distribution for a nominal -average power
setting of 4.41 Btu/ft2 sec (5 W/cm ) is shown in Figure 34.

SPECIMEN MOUNTING - Figure 35 shows Panel No. 1 mounted on the weighing
fixture. The attachment of this specimen to the frame was made with 3/16
machine screws, 5/8 in. diameter washers and nuts on the frame side. All
other panels were held to the frame with edgebars and clamps. .The mounttilg
frame was held in position by a four bar linkage system restrained by a 0-50
lb. load cell on the side opposite from the sample, the output of which is
recorded by the computer data system. This system was calibrated by .adding
and removing weights within the range of expected weight loss and its
performance was within 0.05 lb. The load cell was insulated and air cooled to
maintain stability.

GAS SAMPLING .- The atmosphere of the CFS was sampled at the CHI point (zone
13) and in the air exhaust duct. For certain acids and gases, batch bubbler
samples were obtained and a posttest laboratory analysis of their contents was
performed.

The following gases were sampled and monitored by specific response gas
instruments at the following locations: (see Figures 36 and 37).

Gas CFS Exhaust Multiple Animal Test Point (Zone 13)

02 Beckman-1008, 2 liter/min flowrate MSA-802, 2 liter/min flowrate
CO2  Beckman-864, I liter/min flowrate MSA-LIRA, 1 liter/min flowrate

CO MSA-LIRA, 1 liter/min flowrate Bendix
CHx MSA-LIRA, 2 liter/min flowrate

HCN Kin-Tek (DOW), 1 liter/min flowrate
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DATA ACQUISITION - Output from these real time instruments was recorded by the
PD-15 computer data acquisition system beginning from time zero to the end of
the data acquisition time period (21-22 minutes). In each test, power was
applied to the array 20 seconds after time zero. Channel nomenclature was
established as follows:

Thermocouples Photometers

TUNW PUSE
TMNW PMSE
TLNW PLSE

TUN PUS
TMN PMS
TLN PLS

TUNE PUSW
TMNE PMSW
TLNE PLSW

Basic 18TC TUSE Real Time Gas Exhaust
TMSE
TLSE COE

CT2

TUSTMS H N

TLS CHXE

TUSW At CHI Point
TMSW
TLSW COC

C02C
At Ceiling TCW 02C

TCM
TCE Sample Weight Loss

At Subject Cages WL

Wall Temp TNW Cabin Pressure
TSW

PC

Vent Air TAIN
TAOUT Ventilation Air Flow

VAIN, VAOUT

TIME INTERVAL "BATCH" AND INTEGRATED (TOTAL) "BUBBLER" SAMPLES - The oatch
samples were taken at selected time intervals into 8 liter stainless steel
cylinders containing 50 ml of 0.2 N NOH absorption reagent. The inside
surfaces of each tank were wet with the absorption solution. The tanks were
mounted in parallel on a 1/4 inch stainless steel manifold which was connected
to 8 feet of TFE tubing leading to the sampling point near the 3 animal Ti
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test cages in zone 13 (See Figure 32). These cylinders were evacuated to 0.8
atmosphere just prior to a CFS burn test. Each cylinder was isolated from the
sampling line by a solenoid valve, and each were opened sequentially at timed
intervals to take samples during the test. Each absorbtion solution was
removed at the end of a test and analyzed by microchemical techniques:

1. HF by specific ion electrode analysis

2. HCI by silver-electrometric titration

3. HCN by colorimetric analysis

The standard glass impinger "bubbler" samples for HF, HCI, and HCN and
aliphatic aldehydes (as HCHO) were taken in two standard glass impinger
bottles connected in tandem to either TFE or stainless steel sampling lines
leading to the multiple animal test point (zone 13) and the CFS exhaust for
panel No. 1 tests. For the remaining 9 tests of panels 2, 3 and 4 these
bubblers were mounted inside the CFS in an insulated box to protect them from
heat build up during each test. Twelve bubblers were connected in pairs on a
manifold inside the box; one set contained sodium hydroxide solution for
absorption of HCI and HF, and the other set contained the aldehyde absorption
reagent solution. Flow rates of CFS atmosphere were sequentially taken at
timed intervals into each pair of bubblers by remote control of electrically
operated solenoid valves. This assembly is shown in Figure 38.

ANIMAL TEST LOCATIONS - Open mesh, split wheel cage units employing sensors of
the same design used in SATS were placed in the zone locations shown in the
CFS schematic (Figure 31) for panel No. I tests. fnree cages, each containing
a rat, were placed side by side in Zone 13. The fourth cage *was placed in
Zone 12, directly under the 3 in Zone 13. The fifth and sixth cages were
located, respectively, near the center of Zone 16, and at the exhaust end of
the CFS between Zones 16 and 19. For the final three materials, the exposure
chambers were redesigned as closed polycarbonate boxes which were covered with
insulation blankets composed of two inches of fiber glass insulation lined
with a silicone material on the inside, and covered on the outside with a
metallized silicone material. The CFS air was pulled through two large inlet
tubes which penetrated the insulation bTankets and carried the air into the
exposure chambers. The air was mixed by deflectors inside the chamber and
exited through a single outlet which was connected to the vacuum pump. The
pump was situated on the cage platform outside the insulation blanket to avoid
adding the pump's heat to the exposure chamber. Pump capacity was
approximately sixteen liter per minute. Figure 39 shows the insulated animal
test chambers located near the CHI location and midway between that location
and the exhaust end of the CFS.

The time to incapacitation (Ti) method of monitoring the rats developed by the
FAA (Reference 4) was used. The output from the contact bars were recorded on
an 8-channel ASTRO MED SUPER 8 hot pen recorder with one channel dedicated to
each rat. The temperatures in the four chambers (six rats) were multiplexed
on the seventh channel and the temperature in each chamber was recorded for
three seconds so that each chamber temperature was sampled every twelve
seconds. A photograph of this equipment is presented in Figure 40. The
recording time ran from approximately 20 minutes before the test to 30 minutes
after the test. Test duration was 20 minutes.



FIGURE 38. SOLENOID VALVE CONTROLLED GAS SAMPLING UNIT
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FIGURE 40. MULTICHANNEL RECORDER AND ANIMAL TI CAGE ROTATION
CONTROLLERS

FIGURE 41. CFS VIDEO CAMERA RECORDER AND MONITOR
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PHOTOGRAPHIC RECORDS - In addition to pre-test and post-test photographic
records of each test, color motion pictures and video tape recordings were
made of each panel exposure. The video tape unit and monitor are shown in
Figure 41. The motion pictures were made at 24 frames per second from a
position at the level of the panel. The color video camera was located in as
low a position as possible and as close to the panel as possible. This
position was chosen so as to provide as long a duration of visible record
before obscuration by smoke. The cameras were totally enclosed in insulated
and ventilated boxes to protect them from heat damage as shown in Figure 39.

CFS TEST CHECKLIST

Prior to each test, the following checks were made:

Weigh panel, use small platform scale.

Record Test, Material type, Specimen No. and weight.

Install panel on frame using "C" clamp bars, snug fit only. Don't crush panel
by over-tightening.

Check distance from panel face to front of quartz lamps- should be 32".

Check zero calibration for load cell.

Check lamps for burn out and replace as required.

Call for fireman 30 minutes prior to anticipated test time.

Cock ignitor so that pilot orifices point away from panel and attaching nylon
cord to array so that it is exposed to tubes for quick burn-through.

Install animal subjects.

Check that proper thermocoule is in each cage.

Photo. Slate test run on 16 mm. and tape and take pre-test photos with slate
in view.

Inform ignitron operator the level of radiant heat flux required for he
specific test, i.e., 4.41, 3.08 or 2.2 Btu/ft2 sec (5, 3.5 or 2.5 w/cm ).
This setting will have been determined on the array map and marked on the
ignitron control.
Check operation of ventilation system on scrubber and blower.

Check to assure cooling air flow to cameras and load cell.

Check that the following are ready for the test and are on intercom:

Photo
Gas Analysis
Animal Experiment
Propane valve operator

Computer review all channels
Ignition operator - Arm ignition
Fireman is present
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Light all propane pilots and adjust if necessary.
Check that chamber is clear.
Close chamber.

Final Intercom Check

Photo
Gas Analysis
Animal Experiment
Propane valve operator
Computer
Ignition for green light

Computer room will take control of test and announce start of recording as
zero start recording.

At zero time

Photo: Start cameras and tape
Animal Experiment: Start recording

Computer room will count each scan from zero to 10 on the intercom. On the
tenth scan (20 seconds) the Ignitron operator will bring up the control to the
preselected power setting (heat flux level).

The test director will view the test from the viewing port to note:

1. That the array comes on.
If it does not come on, declare Abort test.

2. That the pilot flames remain lit and that they rotate into position
upon burn-through of the supporting cord.

3. When visibility of the pilot flames is lost from smoke, he will ask
the propane valve operator to close the valve.

4. Look for and note any unusual occurrence.

Total radiant heat exposure time for each test specimen will be for a period
of 300 seconds.

Ignitron shut-down will be at 320 seconds computer time.

At 260 seconds the computer room will announce 1 minute till shut-down of
ignitron. At 300 seconds a count down will begin with ignitron shut-down
declared at 320 seconds.

Recording of data will continue for 15 additional minutes with computer
control announcing test termination at 1220 seconds.
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Post Test

Ventilation will remain on until the chamber is clear of smoke and Gas
Analysis confirms that a safe level of 02 and CO2 exist.
Open chamber.
Post-test photos of panel front and back and any ash on floor.
Remove animal subjects.

Remove ash on floor, weigh, and record.

Remove panel, weigh and record weight, including any residuals that drop to
floor during removal.

Review data for inoperative transducers and replace where required.

Inspect and clean scrubber filters if necessary. The cabin Ap should give a
good indication of their condition.

CFS TESTING

BASELINE TEST - A baseline test was conducted for the purpose of establishing
the thermal levels within the CFS attributable to the radiant energy from the
array. For this test, power was applied to the array for a period of 600
seconds. Plots of the data were made after this test. For this test a 4 X 6
foot sheet of aluminum was exposed to the array mounted on the weighing
fixture.

In order to minimize the adverse effects of thermal stress, the aluminum sheet
dummy panel was attached with three bolts at the top edge only. As expected
upon exposure this panel warped convex toward the array and gradually
flattened out as the temperature became more uniform throughout its
thickness. The pilot flame tube mounted vertically in front of the panel
warped also. In the first two panel tests where the vertical tube was used,
the top end was tied to the array with steel wire to avoid any possibility of
contact with the panel from thermal deflection. The weight loss experiment
was adversely affected by the thermal environment, showing a loss of 36.3 lbs.
at power off, when in fact a zero loss should have been indicated. This
required insulating the load cell and adapting a horizontal pilot flame as
described later.

The response of the photometers was affected by both the increase in visible
light emitted from the array and the temperature. The increase in cabin light
level caused an initial increase to over 100% transmission. A thermal effect
was noticeable as a progressive reduction of indicated intensity with time and
increased temperature. This effect began at approximately 100 seconds and
continued to decrease for the duration of the test recording. The error
resulting from the temperature effect Is the most objectionable of the two.
Fortunately, its effect is noticeable only after sufficient time has
transpired to allow the temperature transfer to take place. In the material
tests the maximum reduction in light transmission occurs within the first 100
seconds.

Concern was felt as to the advisability of a 10-minute test duration for the
three material tests. Inasmuch as several failures or near failures of
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instrumentation cabling had occurred and no spare cells were available for the
photometers, It was decided to limit the exposure of the first material test
to five minutes.

PANEL NO. 1 TESTS

Three tests of Panel No. 1 were made using a 4 x 6 ft section of panel exposed
to the array in the same fashion as in the baseline exposure of the aluminum
sheet. Attachment of the panel to the mounting frame of the weighing device
was made with 14, 3/16 inch screws. As the three tests were conducted under
similar conditions with similar results, only significant common events or
differences in results or test protocol will be discussed in any detail.

The first two tests were characterized by a period of deflagration which began
from 20 to 28 seconds after the start of exposure. This deflagration resulted
in a pressure pulse reaching a peak of up to 1.5 psi at about 40 seconds from
exposure initiation. Tests 1 and 2 were quite similar In this regard with a
steep slope to the leading edge of the pulse and a maximum rise of 1.5-1.6
psi. Test 3 and all subsequent tests used a horizontal pilot ignition which
exhibited a reduced pressure peak pulse with a very moderate initial slope and
less area under the curve. Deflagration was believed to result from the
tremendous quantities of combustible gases driven from the panel by the sudden
heat load followed by ignition. This effluent, initially rich in halogens,
may have extinguished the vertical pilot flames in Test I and 2 but did not
affect the horizontal burner used In test No. 3 (Figure 42). The visual
record of the initial exposure in all tests was recorded both on film and
video. These records showed first, a splitting and shrinking of the
decorative laminate followed by the evolution of a large amount of white vapor
from the front face. The transition to flaming ignition appeared to occur
when the white vapor changed to black smoke. This was followed very rapidly
by gas under pressure being emitted from the edges. Upon ignition were
produced jets of flame. Figure 43 is typical of the post test appearance of
the panels #4 and fl.

The weight and weight loss recorded by physically weighing the panel before
test and subtracting the residue remaining on the frame and that which had
fallen to the floor are shown below.

Test 1 Test 2 Test 3

Initial Weight, Lbs. 21.18 21.53 21.28

Weight Remaining on Frame 12.38 13.76 12.89

Weight Removed from Floor 1.14 .71 1.19

Total Consumed 7.66 7.06 7.20

The dynamic weighing of the panel during the burn was adversely affected by
temperatur ,.s noted above. For test No. 1 the load cell was wrappea in
flberfrax 'W and the whole unit shielded with a foil box and a flow of
cooling air was introduced into the bottom.. This provided enough protection
to reduce the weight loss error to approximately 2% which, unfortunately, is
not sufficiently accurate. We were reluctant to attempt additional protective
measures, fearing that any effort of this nature might result in an increased
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error from restraint of the load cell movement. In the belief that if we
could relate the temperature to the error, corrective action could be taken;
therefore, a thermocouple was affixed to the load cell and several tests were
made using a heat gun whi le recording the static load and temperature with the
computer. From this data, it was determined that effective correction could
be achieved by application of two straight line correction factors. The
application of these factors and a comparison with one run in CHAS are shown
in Figure 44.

Figures 45, 46, and 47 show plots of the concentrations of HF, HCl, and HCN In
Zone 13 gas samples taken over a 7-minute time span in the CFS tests. The HCl
tests for Burn No. 1 were not plotted, since it was discovered that the
absorption reagent in these tanks were accidentally contaminated with chloride
as shown by a blank determination run after the test was completed.

The "bubbler" samples for HF, HCl, HCN and aliphatic aldehydes (as HCHO) were
taken in two standard glass impinger bottles connected in tandem to either TFE
or stainless steel sampling lines leading to the multiple animal test point
(Zone 13) and the CFS exhaust. Table 16 summnarizes the results obtained for
each of the CFS burns of Material No. 1 and gives the average ppm by volumes
of each gas collected over a 5-minute sampling time.

TABLE 16

AVERAGE PANEL NO. 1 GAS CONCENTRATIONS
COLLECTED IN IHPINGERS AT TWO LOCATIONS FROM THE CFS

VOLUME PPM OF GASES RELEASED
CFS CFS OF GAS
TEST SAMPLING SAMPLED RCHO
NO. LOCATION (LITER) HC1 HF HCN (Aldehydes)

#1 Zone 13 10.8 * 6 12 5.8

Exhaust 5 * ** 22 3.9

#2 Zone 13 10 115 12 15 4.2

Exhaust 5 144 3 7 5.4

#3 Zone 13 6.2 & 10 34 4 22 4.3

Exhaust 5 0 2 2 0.7

* Chloride In blank too high for accurate determination.
•* Flouride contamination in impinger bottle.
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DATA PLOTS - The PDP-15 computer data acquisition system prepared a wealth of
data. The CHI point was "MS" (mid level, south) in PDP nomenclature.
Figures 48 through 53 are examples of temperature, smoke, CO, C02, 02 at
the CHI point and pressure in the CFS for test 3 of Panel No. 1. A single
plot involves five pages for presentation to 1320 seconds but are shown only
to a significant time interval to save report space. Plots were made for all
real-time measurements, and all thermocouple locations.

ANIMAL TESTING - During the baseline test, one subject was placed in one of
the wheels in Zone 13. At approximately 4 minutes 50 seconds, a temporary Ti
sensor trace of 15 seconds duration was observed on the strip chart recorder
followed by an apparent recovery and vigorous activity until 7 minutes 8
seconds when a permanent Ti occurred. Td followed, but the time could not be
determined (the subject was dead by the time the CFS chamber was opened). The
maximum temperature recorded near this wheel was 211 0F during the 310
seconds the radiant array was energized. No material was burned during this
test.

Post examination of the strain gage sensors revealed softening of the acrylic
sensor bar support beams containing the strain gages. These were modified Dy
cementing a strip of spring steel to the upper surfaces of the beams.

For burn test No. 1, six rats were used in open, Ti split cage, wheel units.
Within 82 seconds after the beginning of the test, all six-wheel sensor records
showed no activity on the strip chart. Upon opening the CFS, it was found that
all six rats had escaped from their cages, and survived at the exhaust end of
the CFS or under shielding at locations away from the fire. It was not
possible to determine which rat was in a particular cage. However, one rat
showed evidence of external burns on the ears and eyes. This subject also
appeared to have some central nervous system damage as evidenced by periodic
jerking movement. One other subject showed a severe blister on the cornea of
the left eye. Both subjects survived and showed normal activity. The other
subjects were unaffected by the test exposure to heat and gases.

The cages were reworked and the test procedure for the second burn was
essentially the same as for the first burn, except that the four animals
placed at the multiple animal test point, Zones 12 and 13, and the two placed
in Zone 16 near the exhaust were partially insulated with 3/4-inch Fiberfrax
on two surfaces to protect the suDjects from direct heat without greatly
impeding the flow of gases and smoke.

With the exception of one subject that escaped from the test cage to the cooler
part of the CFS, all others ended in a Td. The temperature measurements indi-
cated that the thermal protection provided by a radiation shield (aluminum
foil) and the insulation was probaoly inadequate.

All expired subjects sustained etching of the cornea indicating the presence
of significant concentrations of acid gases.

For the third burn test one animal was placed inside a Ti instrumented wheel
(cage) housed within a Fiberfrax insulated polycarbonate (PC) box having an
internal volume of 1 cu. ft. Two inlet tubes were installed with deflector
shields to aid in mixing incoming smoke and gases with the atmosphere in the
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box by means of an electric pump closely connected to the box opposite from
the inlets. The pumping rate from the CFS into the box was set at 1.33 ft.3/

rin. and the box, with its test subject, was placed near the exhaust point
between Zones 16 and 19. This was found to protect the subject from excess
temperature for the full period of the burn; the maximum temperature recorded
inside was 115 0F. In this test, the radiant array was turned off at 6 min-
utes. The pump connected to the PC box was turned off at 6 minutes 20 seconds
when it was noted that the CO monitor at the exhaust showed the CO concentra-
tion was beginning to decrease. A maximum CO level of 1700 ppm was recorded,
but the actual concentration inside the PC box was not precisely known.
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APPENDIX A

This Appendix provides drawings, check lists and computer data reduction
details for the CHAS/SATS system. The following details are included:

I. DRAWINGS OF THE MAJOR MODIFICATIONS OF THE HRR CALORIMETER
II. CHAS/SATS CHECK LIST PRIOR TO A BURN TEST
III. HP3052A DATA ACQUISITION SYSTEM INITIALIZATION
IV. HP9825A PROGRAM LISTING
V. CHAS PARTS LIST

LIST OF ILLUSTRATIONS

FIGURE TITLE PAGE

1-1 SAMPLE HOLDER INJECTION ASSEMBLY ............................ 119

1-2 DETAIL DRAWING OF SAMPLE HOLDER/MLT/INJECTION ASSEMBLY ...... 120

1-3 DETAIL OF SAMPLE HOLDER/INJECTION ASSEMBLY GUIDE ............ 121

1-4 DETAIL OF SAMPLE HOLDER/INJECTION ASSEMBLY OUTER SEAL
PLATE ....................................................... 122

2 WIRING DIAGRAM OF MASS. LOSS TRANSDUCER (MLT) ................ 123

3 SAMPLE HOLDER ............................................... 124

4-1 HRR HOLD CHAMBER EXTENSION DUCT ............................. 125

4-2 HRR HOLD CHAMBER OUTER DOOR ................................. 126

5-1 HRR RADIATION DOORS ......................................... 127

5-2 HRR RADIATION DOORS AND OPENING/CLOSING MECHANISM ........... 128

6 H2  FILTER FOR HCN MONITOR ................................... 129

7 CHAS DATA ACQUISITION AND PROCESSING SYSTEM ................. 135

8 CHAS DATA PROCESSING FLOW DIAGRAM ........................... 136

I. CHAS/SATS TEST RUN CHECK LIST

1. AIRFLOW SET? PILOT LIGHT LIGHTED?

2. HEAT FLUX CORRECT?

3. TC ICE REF. FOR SURFACE TEMP. ON?

4. TC ICE REF. FOR INLET AIR TEMP. ON?

5. BRUSH SOOT OFF OF TP JUNCTIONS IN STACK

6. TURN ON & BALANCE 2-CHANNEL GOULD RECORDERS

7. TURN MLT POWER ON. (1.25 mv/1OOg.)

8. (3) SMOKE FILTERS REPLACED?

9. BLOW SOOT OUT OF LINE FROM SATS TO STACK.

10. RECONNECT SATS TO SAMPLING LINE
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1 In. x 6 in. Glass Tube

Powdered
Lead Carbonate Pyrex Fiberglass

] .. Swaglok Nle Connector
SS-1610-1-16

Cajon Reducing Couple

T -- TWE Tubing 1/40
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11. REPLACE GAS SYRINGE SAMPLING PORT SEPTUM.

12. SWITCH 02 MONITOR ON. SET ON AIR SAMPLING.

13. CK 02 SAMPLING LINE ASCARITE/DRIER FOR DEPLETION.

14. ADJUST AIR FLOW METER VALVE ON COMBUSTION GAS MONITOR TO ("2").

15. SWITCH COMBUSTION GAS MONITOR POWER ON.

16. SET ZERO ON CO CO2 & COMBUSTIBLE GAS MONITORS W/GN2 FLOWING.

17. CHANGE OVER TO SPAN GAS & SET METERS (STEP 16) (MONITORS)

18. TURN SPAN GAS SUPPLY OFF.

19. SWITCH GAS TRAIN PUMP ON - ADJUST FLOW TO 1 LITER/MIN.

20. HCN MONITOR ELECTROLYTE SUPPLY, DRIER & RECEIVER FLASK OK?

21. SWITCH ELECTROLYTE PUMP & AIR SAMPLING PUMP ON.

22. ADJUST AIRFLOW rO 1.0 LITER/MIN.

23. CK DET. CELL ELECT. DROP RATE (1 DROP/20 SEC.)

24. PLUG IN & START UP NO/NOR MONITOR MAIN POWER, VACUUM PUMP & SAMPLE

CONDITIONING SYSTEM.

25. TURN NO/NOX POWER SWITCH ON (FRONT CONSOLE).

26. ADJUST NO/NO x DET. DARK CURRENT TO ZERO.

27. CK "ZERO" & "FULL SCALE" KNOB METER RESPONSE (NO/NOx).

28. SWITCH BACK TO EXPECTED RANGE (OR 2.5 ppm/FS) & SWITCH 03 GENERATOR

ON.

29. TURN NO/SPAN GAS INTO MONITOR & SET 10 TURN POT TO GIVE CORRECT METER

READING.

30. SWITCH GAS SAMPLING BACK TO CHAS (NO/NOX METER SHOULD RETURN TO

ZERO).

31. FILL HCL/HF & ALDEHYDE SAMPLING SYRINGES.

32. PLACE FILLED SYRINGES ON CHAS RACK.

33. LOAD RAT INTO SATS.

34. CAGE ROTATION OK/ ELECTRONICS OK?

35. CK CONNECTION OF SAMPLING LINE FROM SATS TO FILTERS.

36. SWITCH 02 MONITOR OVER TO CHAS.

37. SET MLT & HRR RECORDER BASELINES (CHART SPEED 150 cmIHr).

38 PLACE TOP ON SATS CHAMBER; CLAMP IN PLACE.

39 VENTILATE SATS W/PUMP ON AT 14 to 16 /MIN.

40. START CAGE ROTATION.

41. ZERO THE ELECTRONIC TIMERS.

42. CK SMOKE METER SETTINGS (" O.0. - 621.5 my; 0.4 O.D. • 763.5 my).
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43. TAKE BASELINES * SWITCH AIR OVER TO MLT.

44. START DATA ACQUISITION (HP3052A) AS SAMPLE IS INJECTED & ACTIVATE
ELECTRONIC TIMERS.

NOTE: ABOVE CK-LIST ASSUMES HEATED LINES & SMOKE FILTER ARE PREHEATED TO

2480 F (120 0C).

* AIR SWITCH-OVER NOT APPLICABLE IF MLT NOT USED.

Ill. STARTUP USER INSTRUCTION FOR HP 3052A

The following Operational procedure is for initial system turn on. The

instructions are also valid at all times.

1. Place Disk containing CHAS/MATS program into 9855M Drive and place

the special function Key (S.F. Key) overlay on 9825A (or 9825B).

2. Key in and execute "get" "START"

3. Press "RUN"

4. When "Index print out?" is displayed:

a) If Index is needed:

1) Press "YES" From S.F. key

2) The Index for CHAS/MATS program will be printed

b) If Index is not needed:

1) Press "NO" from S.F. Key

5. When "CHOOSE PROGRAM FROM S.F. KEY" is displayed:

a) Press desired program on the S.F. Key

-131-



DATA ACQUISITION USER INSTRUCTIONS

1. The Program will ask a series of questions; enter all the answers promptly.

2. When "my readings check, Cont." is displayed: press: "CONTINUE" and
check the print out.

3. When "Adjust Smoke my output" is displayed: Adjust the smoke meter to
specification with unblocked light beam. The my reading can be checked on
digital voltmeter. Alternately place the 0.4 0.O. neutral density filter
(or other density value filter) in the light beam and adjust readings as
called for to match smoke detector calibration curve.

4. When "Remove Filter, Cont." is displayed: Remove the selected neutral
density smoke filter from the light path.

5. When "Baselines, Cont." is displayed: press "CONTINUE", at I minute after
placing the Sample and Sample injection assembly into the HRR hold chamber.

6. When "Start data, Cont." is displayed: press "CONTINUE", at the same time

the sample is injected into the HRR Chamber.

7. When "Process?" is displayed (after 10 minutes):

a) If data processing is desired:
press "YES" on the S.F. key
Go to step 8

b) If data processing is not desired:
press "NO" on the S. F. key
Go to 9

8. When "CHOOSE PROGRAM FROM S.F. KEY" is displayed:

a) Press desired program on the S.F. KEY

b) Go To appropriate user instructions

9. When "SEE YOU NEXT TIME", is displayed:

This is the end of the program

GENERAL USER INSTRUCTIONS

DESCRIPTION - The following operational procedure can be applied to several
data processing programs (there is very little differences in each
procedure). These programs include:

1. Mass remaining & Loss

2. Smoke Release Rate

3. Heat Release Rate

(i) by Thermocouple
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(ii) by Oxygen Consumption

4. CO Release Rate

5. CO2 Release Rate

6. HCN Release Rate

7. 02 Release Rate

8. CHx Release Rate

9. Sample Temperature

10. NOx Release Rate

11. HCL Release Rate

12. HF Release Rate

13. RCHO Release Rate

USER INSTRUCTIONS - The following instructions are followed when data has been
acquired and processing is desired. Figures A-7 and A-8 show diagrams of the
HP9825A Data Acquisition/Processing System.

1. When "# of run in disk (1,2,...)?" is displayed:

a) Type in "I" or "2" or ....
b) press "CONTINUE"

2. For Heat Release Rate by oxygen consumption Method GO to Step 9

FOR HCl, HF or RCHO Release Rate, go to Step 10

3. When "has this been plotted before?" is displayed:

a) If this data has been plotted before, press "YES" on S.F. KEY
If this data has not been plotted before, press "NO" on S.F. KEY

b) Press "CONTINUE"

4. When "Have your plotter ready? Cont" is displayed:

a) Check plotter, pen and paper. Have it ready for plotting
b) Press "CONTINUE"

5. FOR Mass remaining & Mass loss rate go to Step 12

6. When "Another Run?" is displayed

a) If additional run is desired:

(1) press "YES" on S.F. Key
(I) go to step 7
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b) If no more runs are desired:

press "NO" on S.F. key
go to Step 8

7. When "CHOOSE PROGRAMS FROM S.F. KEY" is displayed:

a) Press the desired program on the S.F. KEY.
b) Go to the appropriate user instructions.

8. When "SEE YOU NEXT TIME" is displayed:

a) If an additional run is desired at this time go to Step 7(a).
b) If no more runs are desired. This is the end of program.

9. When "Do you have following file" is displayed:

a) "HF" will be displayed, after about half second

If HF data is collected in this run. press "YES" on S.F. KEY
If HF data is not collected in this run. press "NO" on S.F. KEY

b) HCI and RCHO will be displayed following HF. Use the same procedure
as for HF.

c) Go To Step 3

10. When "has this been plotted before?" is displayed:

a) If data (X = HCl, or HF or RCHO) has been plotted before, press
"YES" on S.F. Key

u) If X data has not been plotted before, press "NO" on S.F. key

When "Sequence" is displayed:
Type in Which "Sequence" is used in collecting this Sample data.
When "Time (SEC)?" is displayed:

Type in Time (sec)

press "CONTINUE"

repeat until all finish sequences are finished.

When "Sample amount? (mg/ml)" is displayed:

Type in How many "(mg sample ion in I ml of Gas Sample"
was determined by analysis.

Press "Continue"
Repeat until all sequences are finished.
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I1. When "MAX Y-SCALE" appears

a) Type in the Max. Y-Scale value (ppm or %).
b) press "CONTINUE"
c) Go to step 4

12. When "Need plot for mass loss? is displayed:

a) If plot is to be made, press "YES" on S.F. Key
If plot is not to be made, press "NO" on S.F. Key

b) Go to Step 3

DATA TRANSFER

USER INSTRUCTIONS - The following procedure transfers data from the Disk to
IBM magnetic tape.

1. When "LOAD MAGNETIC REEL TAPE, Cont." is displayed

a. LOAD MAGNETIC REEL TAPE
b. press "CONTINUE"

2. When "# OF RUN IN THIS DISK?" is displayed

a. Type in "I" or "2" or - - -

b. press "CONTINUE"

3. When "Do you have the following files?" is displayed

a. When "NOx" is displayed

if "NOx" data has been collected press "YES"
if "NOx" data has not been collected press "NO"

b. "NO", "NO2 ", "HF", "HCL" AND "RCHO" will follow "NOx"

Use the same key operations as for "NOX"

4. When "Need Read & Printing?" appears

a. If Read & Printing is desired, press "YES" on S.F. key

When "IBM TAPE" is displayed

Type in IBM TAPE #, such as "965552130"

when "DATE" is displayed

Type in date, such as "8/10/81"
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When "Any Note" appears

Type in any remark you want to put in.

Such as "NO HF, Hcl & RCHO is been collected"

b. If Read & Printing is not desired:

Press "NO" no S.F. key

5. When "THAT'S ALL FOR CHAS/MATS'"

This is the end of the program.
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IV. HP9825A DATA PROCESSING AND DATA ACQUISITION AND PROGRAM LIST

0: "STARTs
Is .5elk ISFKEY
2: tnt "INDEX print out!',Ajif f19131gto 28
31 ort 'vN CI4AS'MATS swo

41 prt 'WA INDEX wifix'sspc 2
5o fat *3V COtiTEHT CW;wrt 16;spc
Go prt " 0 DATA 'sprt ' ACOIJISITIONIspc
71 prt '1 SMOKE';spc
So -ri * 2 MASS *;prt * REMAINING &0

9: prt " M'ASS LOS*prt RATE';spc
10s prt "3 HEAT R. RATE'15pc

Ili prt '4 CD) R. PATEIspc

121 prt *5 C02 R. RATE";5pc
13: prt "6 11CM R. RATE'sspc

14- pri * 7 02 D. RPTE';spc

15: prt ' 8 TOTAL ';prt " HYDROCARBON01spc

16; prt "9 SAMPLE';prt * TEMPERATURE*Ispc
171 prt ' 10 NOx or NO0
18$ Prt , R. RATE~ispc
19: prt "11 HCL R. RATE',.pc
2t': prt 12 I? NF. RATE"Ispc
21: prt *13 RCI1O R. RATE*Ispc
22: prt '14 SPECIAL F.*sprt KEY'sopc

23. prt ' 15 START supc

* 24s r rt '16 H9 ADJ.Itspc
025: prt '17 D)ATA'

26: prt * TRANSFERO

27: spc spet owzwwFE33 iWUEw";Sspc 2

281 dsp OCHOOSE PROGRA14 FROM S.V.KEYI

301 dsp 'SEE Y9JI NEXT TIE*;stp

Os '10 CH Data Acq 'i
Is dsp *Check evl record 0)*200)) cont.. . 'stp

* 2s ent "is CAvI Pcrds ))-.200 ?? yes or oA
31 if A-0;dsp 'Not enough rcrds,Change vww disk'!!!!;1stp
4, dimN(51]1S1)Z1JT[01IU(2
So 5dim At15I,ASI8),B~r2OJ,ESC6J,Ft(61,M,N
So6 fn! 16b;wrt 16,3 1,31,3 1,31,31,31,31,31,31,31,31,31,31,31,31,31;spe

7@ fat
St prt *13 C" Data Acq 5-23-90'

10: fat 2,fzt~g~fmt 3,fS.G
Ili remr 722scir 722;wrt 722.3,'F1R7T2TZSMIAOHO"
12. wrt 7P2.3,"EY*,.001,"SYEZ",O,8Sz'
131 ev.p 'Ru 07',A(1071enp *Savople Name?*,B~genp 'Dmte?1,AS

14 s enp "Disk N.mber)A?11II
151 enp 'runo in Dkscl*,M$
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16m eop I Length of Test Time.Cmin)?*.N
1" enp 'Date interval, s~c?*,Ms6O/0N)
13a eop *Air flow,cfm"*,Ar4lAC41W.304803)A[4I
19. op "Air temp(C)?6.A1311273.1#A(31'A[3]
20o aop 'Samp area,Aob2l',AF23,AC23U.@254*2)A(2i
21: enp "Used NO0 or I4Oxl'),E*
221 top 'Renge~ppa)Used in NO or NOx??*,F$
23. cop 'Hesit CN/cM~r?,,AcIJ
241 gop 'Jolt. mass (gm)1I.A(71
@25s enp *dM1V/1O0gm~zeroed".ACBI
26s If MN>O.1)1,f MW>600;21Toif MN)120013)hsif MN>1800%4)1vif WW)424OOs5)l

27c if M103OO0j6)Jlf 14W)3600,7)I

28 T)QIldia CS(1O,2144
299 *xxDATI'}TSCII

31a open T$11,200ING
32v 6590 T111,1,0
33s dsp *mV Reedio'3s Check.Coot.I:stp
34. for 1-1 to 1O;O)ZEl31oext 1
351 for J-1 to 105wrt 709.2,1,wrt 722.3,'R28,trg 7221red 722,P

36' P+Z[I])Z[II
37* for 1-2 to 10;wrt 709.2,11wrt 722.3,'R761trg 722gred 722.P

38: P*Z11)I)ZtlI;next 11"ext J
39v for 1-1 to 10,Z[T]/1IOIZ(Ihnext 1

40s spc gfot z,'CH.',6x,'mV'%wct 16%fmt Ispc

411 fmt *'SM0KE',3r.f8.3;wrt 16.Z111
42s fmt 'MASS ',3'c,f?.3;wrt 16,Z123
43s fat *HEAT ',3x.f8.3iwrt 16.Z(31

45s font I'CO2 ,3xf3.3swrt 1sGzr51
46& fat INH *3x,f3.31wrt 16,z(61
47& fmt *'02 ',3x,f8.31wrt 16,Z[71
46s f.t .'HC ',3x,f9.31wrt 16,ZC83
49# lint -'TEMP ',3x~f9.31wrt 16,Z[91

50s font '"G ',5x,fB.3gwrt 16.Z~lO~lspc lfmt
@51, spc lprt 'Smoke Correct ReadiiugsShould Be*

@52a spe 1prt ".4 00-763.5 mV';prt 1 0 00-621.5 eV'sspe
53s e-; 'Adjust 3moie mV Output*
j4: wrt 7O9,*01'gwrt 722,'R2T1';Ytp

55s dsp 'Remove Filter,Covit';stp

56s wrt 722,'T2T3',dsp 'BaselinesCost..';stp
57- for T-1 to 1010)ZEllhoext I
581 for J-1 to 25,wrt 709.2,11wrt 722.3,'R21itrg 7221red 722.P

59. P*Z~lIJZEU
60t for 1=2 to 1O1wrt 709.2,11wrt 722.3,'P7'gtrg 7221red 722,P
611 P*ZCII)ZCIIlrrext 11next J

62, for 1-1 to 10sZ[I3/251ZE13,next I
63t sfg 14
64. SO/M)A
65t dsp 'Start date,c.,nt'istr
66& wrt 70B,*7*i0)S
67s for KeI to Mt4iS*A)S
We. wrt 709.2,lswrt 722.3,'R2',trg 722$red ?22,P11
69. wrt 722.3,'R7'
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70s for 1-2 to l0;wrt 709.2,1
71& thg 722%red 722,Pfl1:next 1;0)1
72. sprt i.PlIJ,Pt2I.Pt31,P(4',PE5),P[62,P(73,PE81,P(93,PrlIO,'end*
73a *loop~sred 708,US
74. v.1cusi9.t01)v60~vai (tsl$I11))Uiif S.MtE;Jmp 2
75s if S>Ulgto 'loops
761 next K
77: tnt 'Test Time-*,f4.Owrt 16,U
78a *xxlsmk})N8C11,xx2inas')NI(2] ,xi3ht')NSC31
79# 'xx4co*)N$r4] ; xx5co2')N$i5] ;'Ex6hcn})N$(631xx7o2l11([7J
Rot 'Ex8hc*)NI(81 ,xx9tema)N$t9] ;xxl~no}NS[110 1 xxjnf')N$ClI1
Sit for 1.1 to ii,ms)NerIi,ien(m*)j,next i
82# drive 0
831 osgft TS1J,i,0
941 128#32)Cgfint 4b,b Ilia Working O,x,4bjwrt 0,C,C,C,CCCC 3 C

* 85; for K-i to Mt4;sresd 1,PI1I,P(2],PC31,Pt41,PE5],P(63,PE7],PE83,PC9I,P(101
86s for Y-i to 10
871 if Yotif 11 ((P(V1.9)at.1M0OQO,)C$EY,2K-1,2KI
Bet if Y.1~ft, (CPrYJ.200),.1U10000,)C$rY,2K-1,2KI
89# next Y;next K
90% *xxDAT1')T(1I;I$M)TSCI,1,Ie'i(M9))jkilI TSII
911 for 1-1 to 1O1open NSItlbGmsinext 1,open N$(113,2
921 for J-1 to 10
93t asjn NSCJI,3,0
94: sprt 3,Z1*1,CSCJ],8endm
95# next J
96. spc Ifint xCH.3x,Ba~eline";wrt l1 fwmt sspc
971 fmt 'l.SMOKE,,f.31wMrt 16,ZEII
98: firt *2.MASS *,Y,fS.3;wrt 16.Z[23
991 fm!~ *3.HEFAT *,x,fS.31wrt 16,2[31
100: foot *4.CO D,x,fS.3;wrt 16,Zr4l
101. tint *5.CD2 ',x,f8.3jwrt 16,Z[51
1024 tint *'6.NCN4 ,x,fS.3;wrt 16,Z(61
103. fin' *7.02 .,x,f8.31wrt 16.Z[1
104. tint *S.HC G,x,fS.3gwrt 16,Zr83
1051 lint ,"9. TEMP *,x,f8.31wrt 16,Z(91
1061 tint *I0.NO *,x,fS.3 1wrt 16,Z(l0)hspc ;fmt

1081 spr-t 3,Atu1,A*B,,SFS,M,I4,N$1151,MS.*and*
109. 0)Xjent ' PROCESS??*,X~if fIgl3,gto #4

LI0a d~p 'CHOOSE PROGRAM FROM S.F.KEV"
1113 stp 1gto -1
112. tint 16b;wrt 16,31 :3 l.3 I,3 1,3 1,31,31,31,31,31,31,31,31,31.31,31gspc
1131 dup 'SEE YOU NEXT TIME*sstp
m20300



@0, *Mass Remaining 6 Mass Los, Rate'?
to ds,4
21 f at 16b Iwr t 16.31,13 1 31 .3 1 .31 .31 .31 .31 31 '31 '31031 .31 .31 .3t .AIj'%PC
;h p.rt 'Me.'. Remaining & Plass Less Rate'sipc 2
4v .Osp 'Mass Remaining & Mass Loss Rateliweat 300
5: dim A13A[lS2JEZ]FrII..S1,O.*2
So dim W0112,221
7s enp *0 of run in ds'12.?,~1
B. O)bJlevt 'Has this been plotted before?',U
9a dip 'Have youar platter ready! Cont.*ostp
10: 'xxxinf')W8C23
Ill W$I1ii~)bI(2,I,lenCWt~l))3
12s drive 0
13: sgn W$1(21,1,
14t stead1AEiA,,E.SI,,[02 S
151 fxd 0,prt 'Run#-',AEIOI.8S,A$Ispc
16& dsp *'.. WMORKING. ON MASS REMAINING... '1gsb 'CAC Is1
17t gst *PLOT Is
18@ dsp ' ... WORKING ON M4ASS LOSS RATE... ';gsb 'CACL If'
19a ent 'NEED PLOT FOR MIASS LOSS7',A1if flg1319to 42
20c ssb *PLOT 1!'
21& eMt 'ANOTHER RUW"*,X.if fI13;gto #3
2:s dip *CHOOSE PROGRAM FROM S.F.KEY'
231 SIP tgto -1
24. fmt 16bowrt 16,31,31,31,31,31,31,31,3l,31.31',31,31,31,3l,31,311spc
25& dip 'SEE YOU NEXT TIME'sstp
@26v 'CACL l':dim Zrl0l,VS2MN)
27a dim M[14W,S[MN)
28: 'xx2mas')W$Ir31
29. W$E11)W$I3,1,len(WbII3 I
30a asgn W$131,2,0
31t stead 2,Zlw],VS
321 for 1-1 to MNCitfCV$C21-1,212)/10000)&10-9-Z[23)MC(lIInuxt 1
331 loep 2

034# '1MLU DRIFT DATA HERE',
35s for J-1 to 20;for 1-1 to NN-2$(M(J2.J4[rlJ.M#rJ.21)/3)5(J.1Jlnaxt I
36t for 1-2 to MH-21SKI.1I))M(I.1Irext 1
371 next J
38s for 1-1 to NNIMhIIW100/ACRI)SI1,next 1
39, iF A[?I.100*.0254^2 and AC13u21.5sgsb '2.5'
40s if AC21OON.025412 and AtI'3.51gsb '3.5'
41a if A[2;-1001.0254^2 and AC1'3-5issb '5.0'
42t if AC2I'100*.025412 and Ar1J-7igsb '7.0'
431 if A!23'36*.0254*2 and ACI-2.5sqjsb '92.54
441 if AC2?-36M.0254^2 and AC13-3.5vgsb IS3.5'
45, if AC2)s'36n.'254^2 and AM1351gsb '55.0'
46# 'Adj. Max. Wt',
47& for 1-1 to 51O)SCI]Inext I
491 max(S(wJ)-AC7])Wifor r-1 to m~fsCI-wmsSnIfext 7
49& 'SCII'9#CI'.A173)S(I
Sol Cs[10j-Snl l)/9)CI (IOSEIj-sfI0J)/9)B
51. for 1-1 to 10;B#CI)SI11next I
521 if Usligto .7

-142-



531 for 1'1 to !4Nif 6Ill(-6 j-5.9 99}S1IJ
54, fti ((S(11.6)'.1WIOOOO))V*t2l-1,211inext I

56. open WS141,6
571 sign W1141,3,C

-583 sprt 3,V$,*end*
59, prt 'MAXCjlITIAL) MAS*;spc
60# f-nt f6.2,x',M';wrt 16,A[71jsqc $ret

62. if Z(5000,50C0)A~if Z(2000;2000)A;if Z(1000%l000IAtif Z<5001500)4

67r if Z(2O002001A,if Z(100;100}A,if Z<50150)Atif Z(20;201A

64t scl -12N,65H,-.2A,i.05A
* 65t axe 0,0,60,.IA

SE,6 a 1 .5,15,1,
67t for 1-0 to 65H by 60

* 681 pit i-H,-.O5A,-1;fxd 0;lbI 1h&O

69t next 1
702 c512 1.5,1.5,1,90
71t pit -ION,.2A,-1;ibI 'Mass Remaining (grams)'

* 721 csiz 1.5,1.5,1,0
73t for 1-0 to A by A/101fxd 0
74, pit -7H,I.-1;1bI 1
75s next 1
76e p~t 25K,-.09A,-111b] 'Time Cnmkn).'
77t for 1-2 to MM-Z
713, pit 6011M,S11l,-2
-191 next T;pen
80: csiz 2.5,2,1.0
Sts pIt 8N,-.16A.-l1bL 'fig. Mass remainaing
82: fxd 0;pI1 40N,A,-IIbi 'Run O',A[103

83: csiz 1.5,1.5,1,0
84t pit 40H,.95A,-l1Ib1 9S
85: pit 40H,.85A-1;lbl *INITIAL MASS'
96, pit 401,.SA,-1,fxd ?;1bI A(71,- grams'
87, pit 40H,,7A,-1;1bI 'rINAL MASS*
88t pit 40H,.65A,-1jIb1 S!M-2J,' grms.'

89t pit 4011,.55A,-1;ibl 'HEAT FLUX*
90. fxd 1jp~t 40H,.SA,-l1bI AtlI,' Id/CM'

911 pIt 40t4,.jA,-1;ibl 'SAMPLE AREA"
921 fxd StpIt 40H,.35A,-lbi A123,0 Me
93t csiz 1l5851,
94a pit 52.81,.51A,-l1ibI m2oplt 54H,.36A,-ljlb1 '20;ret

0 95s 'CACL 11's
96@ for 1-1 to MH-l
97s (Sti I-SCI+11)/AC2i/(60/M))SCI1,pext 1
98, SCMH-1])SIMNI
99t if U'ljgto #7
100, for 1-1 to tiNgif S[II<-63-5.9399SrJ]

J01t fti ((S(iI.62*.1El0000))Vt[21-1,2111next 1

103t open WO('1,6
104. aSgn &rI$C1,4,0
10%& sprt 4,VS,'end'
1061 O)Zjfor Jet to MNtif SEII>ZSI1)Z
107? next I
108. pint "MAX RATE';spc
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1091 fet f7.2,x,'G/MIH1M2*,wrt 16,Z'-sp~c trot

110. 'PLOT I]*:
1112 if Z<5000 15000)A~If Z<20001 2090)Asif Z(100011000)A~if Z<SO@,500)A
112a if Z-200s200)Aif 2<~100,100$A
1131 scl -12H,65t4.-.2A,1.05A
1141 axe 0,O,60,.IA
!15s ciz 1.5.1.5,0
116! for 1-0 to SSW b~y 60
11.71 pit 1-H,-. 05A,-1jf~d 0;1bl1 /60inext I
118! deg
119. csiz 151519
1201 pit -IOH,.2A.-1 11bl *MASS LOSS RATE C01/4MINM)

1211 csiz 1.5.51,0ot-10.6N,.605A,-1~ib1 '20
122. csLz t.5,1.5±,.0
1231 for 1=0 to A by 4/1O1fxd 1
124a pit -7e4,l,-Illbl I;next I
125a for 1-2 to MM-2jpIt G0,/M.S(IJ,-2tnaxt I
1264 pen
1271 csiz 2.5,2,1,0
128, pit 8N.S,1lI'fig 9. MASS LOSS RATE
129: fxd 01plt 40N,A,-1'.lbl *RUN #w,AI1QJ
130. cqtiz 1.5,1.-1,1,0
1311 pit 40N,.95A,-1,lbl es
1321 pit 40N,.e5A,-Islbl *INITIAL MASSO
133- pit 40N,.8A,-1lfxd 2jlbI 41.71,- grams*
134s pit 40N..7A,-1;IbI *M'AX MASS LOSS'
135. pit 40N,.65A,-l;ltI Z,e g,Ain/mI

137a pit 40N,.55A,-1jlbl *NEAT FLUX'
138a fxd Igplt 40N,.5A,1l;lbI A113,1 w/cwl
1391 fxd 5;pit 4QN,.4A,-1;~bl *SAMPLE APEA'
140s fxd 51pit 40:1,.35A,-1,IbI1 A[21,' m"
141v, .siz 1,l.5,8.5/11,O;plt 5Z.GN,.51A,-13 1b1 '2'
1421 pIt 54N,.36A-1,lbI '211ret

0143s '2.5':
0144& *Used Fur.112381 4s Baseline Correction for 2.5w/cov'2',

0145c ;-.62384501)A;.049086113;2)Bi-.00031272304)C
401461 8.8249508e-7)D;-1 .05374061e-9)E;4.3766104e-133F
147t for 1-1 to MNiSfll-A9I.CIA2OIA3EI44FTA5)S1),ext 11rat

0148t 13.Saofor 1-1 to MPN
0149s St1)-C.01350293,.0014S24071,.00001277541A2))SE11,next fire&
0150s '5.0',
@151, 'Used Pun#l268l As Baseline Correction for 5.Ow/cm^2*e
@1529 -.6358144)Ai.0901975)B,-.0006898715)Cs.000002027112)D
0153s -2.56707245e-9)E,1.20057396e-12)F
0154a for 1=1 ti~ Mfltl(,lCA+I3E4*tSItlax [trot
*1551 '7.0*1
0156, 'Used Run#13281*133831 As Baseline Correction fop' 7.Ow/ou^20t
01571 -0.759022e-t)AS9.176136e-2}Bs-7.006S61e-4 C
*1501 2.131036e-6)Ds-2.70434e-9)E,1.258464e-12)r
1591 for 1-1 to MN;SCI1-CAB1#I42.DI*3.EIa44FI5))SE13,next I1ret

0160o 'S2.5',tor 1-1 to MN

1621 next Isrot
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@1631 'S3.5*efor 1-1 to MN

1658 next Itret
@1668 *S5.0,.far '-I to MN
0167s SCI3-(-.49o928*..355o15mr-.ooo1139977xT.2*.oaO001424141u[a3,)SCl)
168v next I1rat

0, 'Smoke Oote Reduction*%

21 prt 'Smoke Data Reduction'sspc
as dimAt5,i8,B2OEs6,s6M,,s5,5,f15

*4: dim 14*115,151
5& dsp *SMOKE DATA REDUCTJOt weit 900
61 ent '# of run in dish (1,2. .)?,W$CII

*7A ent 'Has th-is been plotted before~'*,W
Se lap "Have your plotter ready! Cont.',stp
9, *xzxinf)W1[21
IG: i.I1EI))Wt2,1 ,!ev.(WS13)

Ili as9fl WSf21,1,O

12v sread lAArvI,AS ,BS,EI,FS,M,.N,NS[15I ,MI
1li spc )fxd 61prt 'Run#V",ArI0I,BS,A1
14s dip * Run#U',A(10I,8$,A$Iwalt 1500
15s dim SEMN],HEMHIbRE5]
16s dim Zfl0),S~r2MN]
17s 'xx3ht*)WSC31
18: wti}ws[3,i, ifn(ws[tim
19S asgn WI!37,2,0
20: iread 2,ZEIISS
21: dip *...WORKING .......',gsb 8CALCm
221 gab 'PLOT*
231 gab 'LABLE'
24t ent 'ANOT HER RUHI',Xlif f1913;gto +4
25: dsp 'CHOOSE PROGRAM FROM S.F.KEY'
261 Stp 1gto -1

281 dsp 'SEE YOU NEXT TIME';stp
29: 'miff EWPMEEEUE EDU'

30s *CALC':for 1=1 to MN
*31a At33*((itf(S9CZI-t,211J 00409Z[19474/ tI

32: next 1
33a 'xxlsmk'}W151
34, hu(1]JW*I5,I,Ien'W6SC1D
35, nqqn W153,4,0
36r sread 4.,Z[*),S$
37t 95b 'CALlS'
38, for 1-1 to MIA(4IHIISI/(.1343AC2IUAC3I))S[!31next 1
39t for J-1. to 5
40, for' ['I to M"-2
41s (S(II*SII*13*SIl*+21)I3)HCI.2Isnext 1
42: for 1-2 to M-1HIII)SMllnext Isnext J

043@ *Automtc Correct B9aseline's
441 0;Vjfor 1-1 to MN
45. if SlI3<VsS1II)V
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46a noxt I
47v for 1-1 to M'tISII-V)SrIJlvvoxt I
48s *A.C.B'I
49v foe 1.2 to Mt-1sf SI!I>'AsSlIjJ,
501 (S I )s !I1,l2.~

Sl& if 1'l.5MID)RII)
522 ifI3MDC2
53S if 15SM,DIP(37
54s if tlOM-lD)R141

568 next 1
57s if WM1;gto #8

58. eprevent S[Y)<-6':
59t for 1-1 to MH;If q(l3(-61 -5.999)SCI1
G0& fti ((SCI3.6)A.laiooOO))SS!2I-1,21iJvnext 1

62: open IJSC6J.,
63s as.3n W$161,5,0
64t sprt 5,S$,'end'
65g ret
66: 'PLOT'sprt *Max S14OKE value-OZospc
67s O)r3
Set if Z(500015000)Alif Z'2000;2000)Ajif Z<100011000)Ajif Z(00500A
69: if Z(200;2C0)Asif Z(100,100)Asif Z(50150)Agif Z(203 29)A
70s if Z<10 110)A
71s A)rl
72s rl/1O)rO

74, axe 0,r3,60,"O

76, for 1-r3 to ri by rO
77, pit -614,1,-I
78, fxd 0sibI 1
79! next I
8sO pit 25H.r3-(rl-r3)1/1O,-i
81. IbI 'Tim'e (mi)e

92s for 1-0 to 6.,t4 by 60
83: pit 1-H,r3-Cri-e3)1/18,-1
84v IbI 1160
85t next Ispen
86, csiz 1.5,1.5,1,9O1fxd 0
97s pit -8N,r3*(rt-r3)/4,-i
8s Ibi *SMOKE CS.M.O.IC.E./M)
89s csiz 1,1.5,.77,90;plt -. Nr*r-i/.3-~b t~e
90g for 1-2 to N
911 pit 60l/M,SrII,-2,next Ilpenglret

*9?: *one':A[62)P
938 for 1-1 to MN

*95t .00143..04?05wQ#.3535v(IA2)S[I3
96: flext Zoret

1097s Ithree'sA(61)P
M8 for let to MN
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*110. .0086R*.10054uol17*47'oQ42)S1 I

0102: 1four*&A[&1)P
105. for I-1 to 11H4
1042 ((itf(S112'1-1 .21 1/10(000^10-200-Zt1J)/PIQ

0105s .0000704155*.3I72576651Q+..093626S7a502)S1l

106s next Isret
01071 *infin'sA[63)P
108s for 1-1 to MN
109: (Cjtf(SS[21-1 ,21 3)/1000010-200-C13l)/P)QI
110i 9)S113next I
Ills prt "Heed a% respansevOD calibrationcurve for this OD FS*Ispc 3
112. stp ;ret

* 113. "CAL78's
114s for 1-1 to MI4,(Itf(S2J-1,21])/100f0)V'1-201}Q

0115s Q.621.5-Z[11)O
* 0116. 14.3259075403-.O58854512O4Q..00flO7702426Qa2-.C0000003124QA33SI11

117s next 11ret

119s pit 5H,-rl/6,-1
* 120s IbI 'FIG. SMOKE RELEASE PLOT'

121: pit 40N,rl,-l
122. Ibi $RUN #',ACIO]
12',: csiz 1.5,1.5,1,0jfxd fl

124s pit 40N,rl-(r1I-r3).17,-1;1bl 8S

125: pit 40H,rl-Cr1-r3).12,-1jlbl 'smoke 0'
126s pit 52H,rI-CrI-r3).12,-1;lbl *Time~min)
1271 pit 4ON,r1-'--1-r3).2.-'1;1b1 R[11
1281 pit 55N,rl-'ri-r3).2,-l1bl '1.5'
1293 pit 40~1(1r)2,1liR121
1301 pit 55H,rl-<rl-r3).25,-1;ibl '3'
131z pit 40N,rl-Cel-r3).3,-i;lbI RI33
132, pit 55HNrl--r!-r3).3,-1l '5'
1-33o pit 40N,r1-(rl-r3).35,-2IbI RE4J
134: pit 55H,rl-(rl-r3).35,-21l '10'
135s pit 40N,rl-Crl-r3).4,-l1IbI RES)
136s pit 53.3N,ri.-(rI-r3).4,'-i;1bl N
137, pit 40N,r1-Crl-r3).5,-iilbl 'MAT FLUX'

139. pit 40N,r1-Cr1-r3).G,-1giL1 'SAMPLE AREA'
1401 fxd 5!plt 40N,r!-CrI-r3).65,-I1bl A(21,' a*
141: csiz 115851,

* 142: pit 53N,rl-(rl-r3).525,-1;ibl '2'
143: pit 54N,rl-(rl-r3).625,-1;Lbi '2'1ret

It 'I4RR FROM 022 CONSUMPTIO14 ... (included fire 963 flow adj,UTU )*a

to fomt 16blwrt 163,13,13,13.1313,13,13.13,p fat
2s prt *Heat Release Pate ';spc
3s Jsp 'HAT PELEASE RATC'wst 85

'So dim W.1515,151 ,E16001,V16001 A-SEIO,101 ,0511200],YSIIO,103
6s enp 00 of run in ds(,..''NI
7s dsp 'Do you have the foiluwingj file?';wait 1500
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G& ent NSycbneeyrAt,,t3
9& ant *IS THIS PFEE PLOTTED eEF0PEWY*u-1,N,-@,eomt9,M
10t dip *Haeve your plotter ready! Co~t.*sstp

13. drive 0
14s sign uWc'i.i.o

16# dip 'R N,ACIOI,' 0.9$,o *.AOwemt 1500
17# fgd Isprt *RUN#-*,Atl81,9*.A9,,pc
181 dam V 1oJ,P 112M"I RES],PIMI.SMNmj
19s 9sb *CA%^LO2sdusp ItP9M WOKING .....
201 Sib 'AXES*
21, 99b OPLOT*
221 Sib 'LASLE'
23% Sib "BTU*
24v erat 'ANOTHER RUH!*,XgIf figl3;Sto *3
251 dip *CHOO0SE PROGRAM FRO14 S.F.KEY'
261 stp 1gto -1
27, dip *SEE YIU NEXT TIME'lotp

29: *AXESas
30v if Z<50001500014%if Z?2000,20081Alf Z<i00o,1000)Asif 2?50@,5O01A
31. If Z(200,200)Assf Z<10O 1100)A)if Z<50150)4
32t sad -IOHf,70N,-A/S.1.Q5A
33, exe 0.0,60,A/101eaiz 1.5.1.5,1.O1fxd 0
3d. for 1-0 to 101Plt -64,IA/13,-1ifxd Ouibi 1A/1@?next I
35s p~t 2511.-A/1O,-ltlbl 'Time (ml,,)8
36a fxd 01for 1-0 to 6514 by 60uvI t-,/0-
378 lbl J#60snext I
38S curz 1.5,1.5,1,90
39a p~t -714,.ZA-
40t 161 "4eat Relesse Rate Ckwe/m )*Ipewu

42s 'PLOT*:
43# for K-1 to NN-13;Kl3)IIplt (60KI',PfI3,-2
44# n~ext K

045& for I-MM1-13 to MN1 P'LIIJ)PCIJvplt 60I/N4,PCI),-21next 1,p&njrst
046# *CACLC2's
47: !32-2)1C;fwt 4b,'C verting Detal.4blvrt 0,C,C,CuC,CCC,C
48# *xxqco4)L$I?1;'w~gco2')LS(3l
49s 'xxhc)L~t4Ij~xqhc6'16C5
50s *xxgno'1SI6)
51t 'xxMHF')L*(73g'gKHCL' LlrfS11 'xxALDO L*I91
52, for T-2 to 9
53s 132428)Clfmt 4b,*Covevrti,.g Dwts',x,f2.@,4bjwt @,CoCoCoCalpeCoCC,C
54& prt T
55a if T-711f YSCI';gto 67
S6: if T-3sif YS(210"'igto 957
57, if T-9tif YS(3108101gto 67
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F60. drive 0
611 asgn L~rT],1.Q
621 sr-id 1,DS
63a fo~r K-1 to 600
641 (itf(D*(2K-1 .2K],1O00O'a:0-6)EEv1

65: next K
£E6, Imp 2
67s for 1-1 to 6O0;0)E[171oext I
68& fo- 1-1 to 6O0;E!I1#YCJI}YCJJ,next 1
69& nevt T
70s for 1=1 to 601)
71t YLI J/455m*A(2]/. O76991YC rJ ,next I
72, 132+28)C;fmt 4b ,3, 14o:king ".z,4bjwrt 0,C.C,CICCCCIC
73& *xx7o2"1W*F3]

'75B a~gn WSf37,2,0
76s sread 2,Z(11,PS
77: for K-1 to MH;Cjitf(P$f2b-,2K]/00)I0-9-Z7))PrK~next K
78s for 1-1 to MN; (Pt!1/40*.^1)N(YEJ1*151 /15)PIIJsnext
79! P(2]fl l)Q
801 for 1-1 tc MM

Sal, I'5..21M439w60/3414m.B*(.21-Pt1 J/100)/.21/AC2])PCJI ;next I
821 for J-1 to 5
83: for 1-1 to MN1-4
84s (Pt I]*PC I1J.P(I.2j.P! I.2J.PtI*41)/5)PCT.2J
SS&k if P(t.21<0%O}P[I.21
86. next I;rnext -J
87z for 1-1 to MII-2;ixf PIU1>ZSPtl}Z
83s ncxt I
89s prt '02 MAX HrAT-*,Zjspc

90. if EJ.1;jrnp 9
91: for 11, to 1411

922 if P(II'-6;-5.999)P(CU
93, ft ((Pll1*6)'.1w10000)}P$121-1,212;next 1

95s open WS(41,6
9Fs asgn WS14b,3,0
97s ijprt 3,P2,*eiod"

99: for 1=1 to MN1-2
100s 1'PCI*1J*P[I.23)/2gwfP10D

101: if 1-1.5*M-2;0D)R(11
102& if -3M-2;D)Pr2]
103s If 1-514-21D)R(3]
104& if I-I0M-?;D)P(4J
1051 if I-NM-21D)RC5J
106s next 1
107s ret

109, 161 Orig. Heat Release Rate'
110s 3201T

117P csl: 1.5,1.5,8.5/1i,0,plt 1ON,.95A,-1j1b1 'MAX IIRRCBY 02)'',Z
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113s pit T,.95A -1
1141 lbI 96
115s pIt T,.gA,-i
116t IbI 'INTEOFATED HEFAT RELEASE'
1174 pit T,.854,-1I;bl *(by 022 Consumption)'
Iles pit T,.SA,-Ilbt (&it min/rn )a
419. pit T*15M. .SA,-1;lbl 'aM'n
120s pIt T,.75A,-1Ib1 R117
121s pit T415N..75A..-1;l *1.5"
122. pit T.7A.-131bl R[2Y

124s pit T,.65A.-131b1l PraI
125. pit T*15N,.65A,-Ilibl '56
126s pit T,.6A,-ItlbI R14)
127, pit **384.A-,~ 10'
129s if H-10igto *3

1312 pit T,.5A,-l11bl 'Heat flux'

133s fxd 51pit T,.4A,-libI 'Semple Aree'
134. pit T,.35A.-1Ibi A121,' m
135. csIz 1,1.5.8.5/11,0
136a pit T*9.34N,.SIA,-1;lbl '2'
137s pit T #12.3N,.4SA,-1i;b1 62.6
138, pit T*IIH, .36A,-libi '2'
139s 'BTUJ's
140s *Axe For KW/l/P.2BTU/SEC/FT^2 8g
1411 scl -10N,7CM,-A/6,I.054
1421 An.088166)D;8)L
143: ON1
144: if L<508,500}81if L(20012C0)BIlf L<10000)B;f L<5015018
145s If L<20;20)1,f L(1O 11018%if L<S,5)Sil)N
1461 9)C
147s axe GCN,4 .0,0C/.09886G/10,cIr 1.5,1.5,1,fxd 0
148r fir 1-0 to 1Oplt G0.2N,iC/.09Gl6S/I0,-13 f~d 14,ibi IC/10inext I
149! csaa15..,19
150@ pit 67.514_2A,-1
151s IbI 't4et Release Rate (STUISEC/FT42)"Spen
B30539

03 Htet Release Rate's
to feset l6b~wrt 16,31,31,31,31 31,31,31.31.31,3,.31,31,31,31,31.31,spc ifrnt
2g prt 'Heat Release Rate *tspc
30 dsp *HEAT RELEASF PATE'swelt 850
4. dim a1I48,~21ECJFc1NNHd51~M(5
St dim. WdL15,151
6. .np, Of of run indik,2.)'Wt1
7v at 'Has this been plotted beforo?',W
Go dsp 'Have your plotter readdy! C*nt.'gstp,
9s 'xxxisf)&.I21

Ile drive 0
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13@ greed ALAIF,,,rlM
14s dsp 'PUH0*,AC1OJ,' *,3$,' *,A61welt 1500
15%i fxd 0;;.rt 'R1.N0'',At1O1,3S.AS;spc

016, if AC2)/.0254423rt2.889J}F
017a If A(21/.0Z5402-1(1;4:.64)F

!as Jim(01,~2*' .i PS(2MH]I,P15] ,PIMNI ,SCI4N
0191 9sb *CArL*;dsp *!'M WORKINOC........
20: gib 'AXES*
213 9%,*LT

22: 1 ep 2
231 stp
74s gsb 'LAEGLE'
25, ent 'ANOT4ER PUW',X;jf f19 131,9 to 43
26: dsp 'CHOOSE PRO(ORAM FROM~ S.F.KEY'
271 Stp lgto -1

218s dsp *SEF V.OU NEXT T11*F';stp
29& ~.uw'maaa'w~nwm
30s 'AXES's
318 if Z<5OO0 1500A;if Z<200012000)Alif Z<IGPO1iO0VAS!f Z(5OO150VA
32s if Z'200;200)A;if Z<1001100)A.if Z<50!50)Ajif Z(205201A
33# jmr 2
34- ent 'MAX Yai~"~
3"%t scl -12H,65N,-A'6,1.05A
36: Imp 2
37s csiz 1.5,1.5,8.5/11,0;plt 10N,.85A,-2;IbI 'MAX NRR~by T0)',Zjret
381 axe 0,0,60,A/10;csiz 1.5,1.5,1,0;fxd 0
39s f'' 1-0 to 10,plt -'N.:A/10,-1
40: fxd 0;lbl IA/10;neyt 1
41: pit 25t1,-A/10,-I.;lbI 'Time (wnin)'

42. fxd ODfor 1-0 to 65H by 615plt !-",-A/20,-1
43: lb] 1/603ne~t 1

44z csiz 1.5,1.5,1,90
45s pIt -10.5H,.2A,-1
46. 161 "He;%t Rieaie Rate (kw/m )';pen

48# 'PLOT',~mp 3
049s *Timre Delay Correction Used Before 6/1/80'i
50! for 1-1 to MN-4-;plt 6OI/M,SII4],-2;,next IlFengret

1.for 1-I. to MHiplt 601/N1,S1Ifl,-2jnext Lpe.,ret
052, 'CACL'z0)D
531 'xx3'ht*)WS(3]
54: WICI 1)W1I3,1,Ien(WS(l1) I

55s drive 0
56s esgn WS(3],2,0
57. greed 2,:(EI,RS
'8s for I-1 to MN;C(Itf(P$(21-1,211)/I00O)ai0-9-Z(3I)SE1J~next 1
598 Imnp 2

060o 'EMPTY HOLDER CAL IBRATION HERE'.
61, for J-1 to 20
62s for T-1 to MM-2;CS[I1.SrJ'11+SCI*21)/3;PCI*1]gnevt -;next J
631 for 1-1 to MH-2%PV.'#lwF)S(I11-,next I

064o 'BASELINE C0PPECTON,6x,l0x10"s
65, if 4121/.0254^2-36 and A[11-2.5;qsb *S2.S'
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066, if A(21/.0254^2-36 and Art)V3-.Ssgsb *S3 T
67, if A121/.0254^2=36 and A[I)5,gisb *S5.0*

068: if A(21/.02542100 and A113.1.5s9 ub *1.5*
69a If A(2)/.0254^2-100 an.-' Arll.2%9.b ".01
701 If A(21/.025"^2-!00 and AC1)-2.51sb '2.5*
71, if At2J/.0254'2-100 and Affl-1gsb *3.01
721 If A[21/.0254^2=100 and AC11-3.5,gsb '3.5'
73& If At2)/.0254A2.1OI) end A(l1-4sgsb "4.0'
74s if A(21/.0254'2-130 and All!-4.5%9sb u45'

751 if A[21/.0254^2-100 and A[1J-5;ssb 15.0'
76& for 1-1 to Mt-2;iF S(1,PZS(1I.J)Z
77& next I-prt 'MAX 'EAT''.Zgspc

@78: .34344(8)rl24.258P7?3O3)r2;.055849161)r3;-.O28663159)r4
79s for r-1 to 'V-2

81s 9sb 'POLYN'
82: VWIf*1J1next!
83v PEMN-21)P[MN-1J}PEI4N
849 SEMN-2?))StN-I}S(MN3
85s Jmp 2
861 'baseline correctio.CB) if BL lower than 06t
87s for I-1 to .1N;S(1#8)SfI];next I
88: if W-1;9to +17
89s for 1-1 to, N
901 if S(Ij<-6v5.,999)SU21
918 if P(11<6;j5.999)PCII
92a fti ((PC I ]6)". 1*I0000)1P*(21I,211
93, fti CCSrJ1.Z)O.1wl000D)}PSf21-1,2l3,next 1
94: *xxpht'}WSC4I 1WCJ)WSt4,1,len(W*(ID)j
95s open t4S141,6
96s asgn WS[43,3,0
97s sprt 3,Pt,*end*
98s iixsht""Wsr5I ihI()WS(5,1 , en(bISlJ) I
93@ for 1-1 to M"
100. ifS[(-;.9)SI
101, fti (srTI.6*A.1wt0oo0))P$12J-1,2I1snext I
102m open W151;6
103t asqn WS5],4,0
1041 sprt 4,PS,*end*
105o for I1 to P11-2
106m (s(1I1].SrT2Y/2m1/M*D)D
1071 if 1-1.510)R[13
108s if J'3MD)RE23
109. if I-5MIDIR131
1101 if I-IOM-21D)R!41
Ills if I*MN-2,D)R:51
1121 next 11ret

114& lbI Orag. Heat Release Rete"

116. csiz 1515851,
1171 pit 401. .9'5A,-l
118s ibI 95
119s pit 4011..9A,-t
120v lbI TINTEGR4TED HEAT RrLEASF*
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1211 pit 40M,.R5A.-11 1bl *(kw minim )

1221 pit 55H,.85A,l;Ib1 "min*
123t pit 404.e.11 F rIl
124& pUt 55H..8A,-1I-,bi 01.5*
125. pit 40H. .75A.1I;Ibi R121
126: p It --5,.75A,-1.lbJ '3'
127& pit 40H,.7A,-1lbI R133
1281 pit 55N,.7A,-1;lbl '58

1301 pit 40H8,.65A,-!l '(10

1311 if H-10sgto *3
1321 pit 4Ot"..64,-1;ib1 RrSI
133, pit 55N,.6A,-l;1LI H
134: pit 40N,.5'A,-1;1bl "Heat flux*
135& fxd 1;plt 42N,.5A,-1;1bI All%* w/cm
136s fxd 51plt 40VJ,.4O.,-1;lb1 'Sample Area'
137t pit 40P,.35A,-lg!bl A[2],' w
138- csiz 1,1.5,8.5/11,3
139: pit 49.34M,.86A,-l;ibl *2'
140: pit 52.3N,.'.51A,1l;ibi '20
141: pit 51H,.36A,-1;l '2'
142& ret
143s fit 6
1441 for 1-10 to 600o by to
145, fxcd 2;wrt 7O1,1,StI1,PrI1,.54WCP[I'-Pt3J)/SthJ;next I
1461 list 0701,86

@147% 'Baseline Correction':
148v *1.5*sfo'r 1-1 to MM-2

01491 SrIJ-c-.9194725.?8305081z.000ao70462.'2 000.oooooo6o5972IA3),SLII
t5O- next Igret
1511 *2.0't,or 1-1 to M4N-2

153: next I~ret
154s '2.5'sfor T-1 to MH-2

@1551 Sti7-C-l.02I223..052-443591-.0001330;559 I*2.000o1O89oq636iA3)ISLI]
156s next l~ret
1371 '3.0'efor 1=1 tc MN-2

6158# Stl(.602+00191.01354J +0001815J )Sl
1591 it Isret

*160: *3.' ':for 1-1. to MN-2
@161. S~t(1.08422.07146245-.O000190374512.O00001640242IA3)ISiII
162. next i~ret

* 1631 '4.0'tFor 1-1 to tIN-?
@0164: Stl(.808*04311.01801A*0001516A)Si
L65# next l1ret
166# '4.5',for 1-1 to MN-2

@167t Srfl-c-.9312105..06937e031-.coo179eg78la2,.oco~O01483744 !A 3,)SEI
168, next I;ret
1692 *5.O'.fo~r 1'1 to MN-2
170g IS2.51efor 1I1 to N14-2

01711 SEIC25973.1793i.006041*00006613)(lox
172. ret
173& IS3.5'. for 1-1 to MN1-2
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0174s SEfl-(-3.57033..03149085mi-..O00073175J12*2.00O00058733Io3))S~t2,3Sxt I
175s ret

0176a *S5.0*rfor 1-1 to MN-2
177: SrI1-((l.67813..014%865wIl-.0000l41e063I*2*.000000051431I3))S(!I next 1
178s ret
179s OPOLVk4'r1r2P~r3P^2*r4P^.T)Klret

Os "Co Release Rate's
to fnit 16'S;rt 16,31,31,31,31,31,3l,31,31,31,31,38,31,31,3,3,31,spc
2a prt *CO Release Rate*;spc 2
3s dsp 'CO RELE4SE PATE*Iwalt 900
4, dimer5 A~I~S2l,~GS6 MHN[51~1S 5
5t dim WSC15,151
6& erip *0 of run in ds(,..?,.Si
7& ewnt 'Has this been plotted before?' II
St dsp 'Have your platter ready! Cont.listp
go *xxxinf* WS(21
108 idS[1 3W[2,i,leCWS1))
Ila drive 0
12: asgn W$121,1.O
13a sreed A(1ASEF,,,PTIJM
14s dsp 'Run"-,ACI1,11,B%,Atwoit 1500
15s fxd Osprt "Run#I',A(IC3,B*,A$Sgpc
16s dim Z1103,611120NIsdim Gfr'I
17s dsp '.... WORKING .......'~gsb 'CACL'
181 gib "AXES'
I9, Sib 'PLOT'
20a. 3%b 'LABLE'
21t ent 'ANOTHER RUN7*,Xlif fIgl31gto *3
22a dsp, *CHOOSE PROGRAM FROM S.F.KEY'
23s stp ,~to -1
24s fmt 16blwrt 16.31,31,31,31,31,31,31,31.32,31,31,31,31,31,31,3Isspc
25s dsp 'SEE YOU NEXT TIME';eund
26# ummumwvu~mwwmiiu'
27s 'AXES's
28t set -12H,65H.-A'6,1.OSA
299 axe 0,0,60,A/10
301 csi £.5,1.5,!,0,fxd 0;for 1-0 to l0;pit -7NIA/10,-1
31s fxd OsIUi IA/101next I
32s pit 25H,-A/l0,-1;lbl 'Time Cwmm)*
33s for 1-0 to 65N by 60;plt I-H,-A/20,-l
34s fxd Cub! 1/60intit I
35s cia 1.5,1.5,1,90tfxd 0
36# plt -ION,A/4,-l
37s ib I'CO Release Rote Cg/min/m )Ospem

39t 'CACL's0)D
40t lxx4co*)L5$131
411 WSIIJ)WS[3. , lenCIWl(lJ))
4a. asgn WI431,2,0
43s sroad 2,Z133,C'*
44. for K'! to MMIihtfCGSC2K-1,2K )/1GO00)410-9)IKlv,.zt K

-154-



045# 'THIS CALIBRATTON IS mV)ppm':
046s 10.102623 Z29.0365WZi4].17.19045EZf4142)Z[43
0471 for K-1 to M4N;1O.102623*329.A365AEC-tK1&17.l90453KGIKJ'2)G(KlGI141)G(KI
48: next K
49o for [-1 to M'Njkf 0r1)/1e4);sG(ll/1e4)Z
501 next lsprt *Max C0*Ipc tfmt fG.2,Sx,'Z'gwrt 16,Z
518 imp 2
521 'TEMP EFFECT AIR FLOW ITIMI'.
531 for 1-1 to MHGCIlI/e6mP(4]/4Ele3E[28/.08z 05/298/A[2lW't1;mext I

5,max(Glal))Z
551 if Z<5000;5000)AS.f Z(200O;2O000)A;!f Z(1000;10O00A;if Z(500%500A
96: if Z(200;200)A;tf Z<100 3100}A;if Z<505501A~if Z(20120)A

*571 if Z'1011O}A
58: fi't f6.2,x,'9/min/m^2s5wrt 16,Z~spc
59s for 1-2 to 1HsCG[I]*G[I-l])360/M/2/6C*D)Dsnext I
60G: if W-159to +7

*61: for 1-1 to PINjif G1l)"-6;-5.999)GrIJ
62s fti CCGII]6)0.1w1000)G$21-1,21ret 1
631 'xxojco')W$r41 ,W$Il))W814,1 ,len(W*C13)I

* 64: open~ WSf4],6
65, eign W41,3,0
66s sprt 3,G$,*etmd*
67, ret
68. jmp 3

0691 *Time Delay Correction Used Before 6/1/901s
0701 for 1-1 to' f1N-13;!e131:,;plt 60I/M,GvIKl,-2jne~t Tspenlret
71s *PLOT'sfor 1-9 to MH;plt 60C1-8)!M,C1I],-2;next I
72s for T.MN-9 to MH;C.EMH]}G(Iljplt G0I/t4,G[I1;iext lupeniret

74z lb] 'Fig. Carbon Monoxide PeIease Rate*
75s fxd Giplt 4014,A.-i;lbl ORUH P',Atl03
761 citz 15.,,0fd0
77s pit 40N,.95A,-1,lbl BS
78# pit 40N,.B85A,il;IbI 'MAXIMUM RATE'
79s pit 40N,.8A,-1lb1 Z,' 3/min/m,
S0. csiz,.585110il -N,-015A,-1,lbl '2';csiz 1.5,1.5,1,0
91# pIt 40N,.7A,-l~fxd 2,ibl 'total released'
82s fxd 0,plt 40N,.65-A,-1 11b1 D.' 9/m,
83, csiz~.SBSlllil -N,.015A,-1;lbIl '2',csiz151.,0
9 4t pit 40N,.55A,-1;fxd 1;Il 'heat flux
851 fxd 1;pil 4014,.A,1I;l A(11.' vw/cm
86a pit 40N,.4A,-1,lbi 'Sample areaI
87t fxd 5,plt 40N. .35A,-ltlbI At2,' m
88v cult 11t.5,8.5/11,0
89t pit 53t4,.5IA,-1,lbi '2'
90s pIt 54.3N,.36A,-1;Ibl 02'

911 penlret
313915
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0i *C02 Relesit Pat-or
1. fat 115b Iwrt 1G3,l~, ,. 3 j .31.31 2t 1 31,31,31 31.311%pc ;fat
2, prt IC02 Rmlmase Pate~ispQ
3s dsp *C02 Felease Rate*.mweit 900
4t dimAC5,rS 920Erl rr3,tIC5,5 MhI
5B dim W$(15.151
6: enp *0 of run in disc(1,2.)?",W$(l7
7s ent *Has this been~ plo~tted before?,bI
8e dsp 'Hae your plntt,-r ready! Cont.*;stp

Its drive 0
121 ass" 11tC21,0~
13* greed j4E A,4E SMNNC5 '
14s dsp 'Pun#D1,',A(I0),BS,Ajwo&t ISCO
15, fxd 0,prtb RunD-1,A1tllB$,AS!ipc
16@ dim ZEI0;,C'S12t1H~sdlm CirtHi
17s 32+I28)Cjf".' 4b, 'WORKJ'4G*,4bjuwrt C.C,C,C.C,C,C,C1C
18, ssb *CACL*
19: sob *AXES'
20& gsb *PLOT*
21s gsb '-AErLE*
221 ent "ANOTHER RUN?*,X~if fI913Igto #3
23a dsp *CHOOSE PROGR4M1 FROM S.F.KEY6
242 stp, isto -1
25s figit 16b~wrt -S3,l3,l3,l3,l3,l3,l3,13,1.c fat
26: dsp *SEE YOU NEXT TIME';er1

271 4 a s3EUEEUUWIWECU

28# *AXES's
291 scl -12N,65N,-A/6,1.05A
30s axe 0,0,60,A/10
31s csi 1.5,1.5,1,0.fxd Odfor 1-0 to l0ipIt -7N4,J/1,-1
32s tid Ogibl. IA101next 1
33: pIt 25N,-A/I0,-1,lb1 *Time Ciain)"
34. for 1-0 to 6514 by 601plt I-14,-A/2@,-1
351 fxd Ogibi 1/631next I
36s .csiz 1.5,I.5.1,901fxd 0
371 plt -10M,A/4,-1
381 Rb! 'CO Release Votp Cg/min/p )';pan

40s ret
41s "CACL.s0)D
42. *xz5co7")WSL31

44, assn IdS32,0
451 sread Z,ZtMJ,G$
46a for K-1 to MtslfGf^-,K)/OO)1-)CInx K
47. *THIS CALIBRATION IS mV)Z's

*48: gab ONEVilf A(12]-2%gsb OTW0,&if AC12J-3issb *THREE*
49o if Gr2'#0,rc2J1X~for 1=1 to mNicrw-mmGiJnext I
50s for 1-1 to MNsif GCIY 7jotIR)Z
51. next I1rirt 'Max C021,spc %fat fG.2,5x,"'"1wrt 16,z
52. imp 2
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54s for 1-1 to Mt1129S)Tjrext I
55s for 1-1 to Mt4GII/100A43/45e3344/.08205/T/Ar~l)GU1,lnext I

5a me(G (I) Z

578 if Z<500015000)Alif Z<Z000,2fl00)Ajif Z(10lO1O0)A;if Z<5006500YA
59. if Z(2001200)Aiif Z(l00j1O0)Asif Z<503 50)A,&f !(20#20)A
591 if Z~t0,10)A1Lf Z(l;1}AS,4 f (-.11.1!A;lf Z<.011.01)A
60s fat fB.2,x,*g/min/sa2*jwrt 16,Zlspc
G1s for 1e2 to MNCG(!l.Gfi-13)E0/M,2/60.r)Ds,,ext I
62t if Iullisto *10
638 0)G
64v for 1-1 to MN
65s if '5CI1(-3,p-t l,0GCII'',GtIJ~spc g0)GCTIG#1)Gjlf G)10gstp
66, fti C(Gfl'6)A.1E10000))6121-1,21]bneXt I
67t *xxgco2')W$t47
Sao W%(IJ)W$(4,1 *len(&41C11)3
69s open S1C41,6

71t spit 3,GS,*evd*
72s
73: ret

@749 'Time Delay CorreLtion Used Before S/If80',
075s for 1-1 to Mt4-l7;I17)Kwplt 6GI/iM,G(1I-21next I1perret.
76s "PLOT':for 1-10 to Mt4;plt 6oCr-91/MG11],-2;next Ispea
77s for I-MR-10 ta MHjG1hlN7)GCJJ;plt 6OJ1M,GCI3,-21nert 11penlret
78t 'LABLE'tcsiz 2,1.5,1.,Osplt 3,A6-
79: IbI 'Fig. Carbon Dioxide Release Rate*
80, fxd Ojplt 40H,A,-!,lbl *R11N #*,ACIO]
Sit csiz l.5,l.5,I.Qjfxd 0
82s pit 40t4,.95A,-1;ibI BS
93v pit 40N,.85A,-1;lbI 'MAXIMU1M RATE'
84? fxd 01pit. 40N,..4,-tllbl Z,' 9/minim
85o csiz 1,1.5,8.5/11,0,iplt -H,.0l5A,1ilb1 '"icsiz 1.5,1.5.1.0
a64 pit 40M,.7A,-lj#Yd 211bl 'total released'
87s fxd 0.plt 00,6,-;b .' g/0

88s csiz 1,1.5.8.S/1t,0;iplt t4,.015A,1,lbI *2'gcsoz 1.5,1.5.1,0
eqt pit 40N,.55A,-!,tid li1l 'heat flux
90s fxd Ipit 40N,.5A,-1Ilbl A[l],* wlcm
91i pit 40N,.4A,-1Ihl 'Semple are&
92. fxd 5,plt 40N,.35A,-1;1bl A[21,' a
93s csiz 1.1.5,8.5/11,0
941 plt 539!l,1II 2'

95@ plt 154.3H,.36A,-1,1bl .2'

96s penlret
097s 'OHE'ifor T-1 to Mli4.031095.003916G(tJ*..002056ftJl2)G(t3
098s *0310935*.003916ZC5)*.000205;Z(512)ZISI;G(13-Z13)GC11next Itrat
099s 'TkO..028207..00362Zt51..0001096ZC51*2)z[51
0100i for l'1 to MN,.02S)207..00362OCI3..0001@960[IJ*2)CI3,GCI-Z5 t,9 II
101s next l~ret,

0102s 'THREEs.0013263..0034007z[53..OoOls7sz5,a512)zcs,
9103s for fa1 to MNs.0013263..0034007GCI3,'.000015750G(II2)GZJ1,GCli-Z(,'1GCi)
104. next Ilret
N 17322
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0. I4CH Release Pate*$
to fwnt 16btwr-t IG,,3,,31,31,31,31,31,31,31,31,31,31,31,31.31,31.315 ,pc
2# prt '4H Relea-e Fate' sspc
3 , dsp ' HCH Release Rate '1,weit 900

6t enp *1 of run in i(1.YtI

7s ent 'Has this eatn been plot before?*,&
8, qsp *Have your plotter ready! Cont.9pstp
9o 4xxxjnf*)14$(21
101 t~~S21,eCrl
Ili drive 0

131 greed 1,P(SI ,As,et,ES,FS,MN,Nsrlii,ms
141 dsp ' RUN0".ACl1,**,B9,"",Atjwait 1500
153 fxd Ospr! *Run#-,A~I0',B$,A*;spc
16, dim ZrIol.Gsr2M"1hdim CCPII'
17# dsp ' ........ ORIJG.......';cgab *CACLI
tB, gsb 'AXES'
19a gsb 'PLOT'
20: Sib ILAPLE'
21s ent 'ANOTHER RUN'),Xjif flgl3jgto '3
221 dip 'CHOJOSE PROOPAII FROM S.F.KEY'

23. stp 7gto -1
24s fent 16blwvt 16.31,31,,31,1,31,31,3131,31,31,31l.31,31.31,31,!pc
25s dsp 'SEE YOU HE14T TItIE'lend
26t amu.mawwEUEEDVU'
271 *AXES's
28g scl -I2N.65N,-A/S,1.05A
29. axe 0.0,60,A/!0
30s csiz 1.5,1.5,1,Ofxd 21for 1-0 to ±0,plt -7M,IA/10,-1

31s IbI !AIIO;next 1

321 pit 25N,-A/10,-1;Lbl "Tim'e (mmn)'
33s for 1-0 to 65H by 6Osplt I-N,-A/20.-1
34s fid Otibi !/6O1next I
35, Lit~z 1.5,1.5,1,90

36s pit -1ON,A/4.-l
37s IbI 'HCH Pelease Rate (g/min/m )'~pen

38s ciiz i,1.S,.77,9 0jplt 1.NA1.1- 3 b 'Vpentrat
391 'CACL'#0)D
40s 'xx~hcn')bl$l3I
411 Wart ])LISCI,len(W*(11
42s sign W$131,2.0
43s greed 2,Zral,.G*
44, for K-1 to PMNCitf(GC2K-1,2K])/10000)110-9)GOCI3nezt K

045& 'THIS CALIBRATION IS mV)ppmls
046s -.9017671..9986752SZC6I-.010906EZI6J12..00O134MZC6IA3)ZCII
47s for K-I to MH

@48, -. 9017671 *.9986752uECKI-. OlO9O6uOCKJ*2. . OO34EGCKIf3)GCKI sOCK] -'C6)GEKI
49@ next K
501 for Jet. to 5ifor 1-1 to -,CI.G.1GC2)3H
sts H)orioihnext jinext -i
529 for 1.1 to 0141if GI11/e4>,75 Gt13/1.4)Z
53, next Isprt 'Max HCt4*sspc sfmt f6.Z,5x,"%1jwet 16,Z
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54& janp 2
55o 'TEMP EFFECT AIR FLOW )T(mJ'.
56s for 1-1 to MH3 CCJI'e6WAt4J/461e3E27.03/.OBZOS)/298/A[23)0tllsnext I
571 O)Zjfor 1-1 to MN,.f cr1J 1)zGtJ)1z

59t for 1-2 to Mt4s(OCll.G(Y-IJ)E6O/,'1/2/60.D)D~next 1

60. If Z<500015000)Aiif Z~r2000j2O0O)Ajjf ZUIC08j1000)Ajkf ZV530150O)A

sit1 if Z<200,200)A~if Z<100,1OO)A~if Z(50150)Agif Z(.20,20)A
62, if Z(lO1l01A'Lf Z<111A

631 if W11;gto #7
64s for 1-1 to MNiif G117(-6t-5.999)GCII
651 fti (CG11J.6)A.1a10000)}G$121-1,211;next 1
661 Oxxghcn' )Wt[4 1WSt 11 W$f4, 1, lenCW$C1I)I
671 open WS14J,6
68s asgtn W*!4],3,0
69s sprt 3,GS,"ernd"
70t ret
71a "PLOT's
72s for 1-4 to MNjplt SOCT-3)/M,G(I3,-2tnext 1

4073z for I-MN-4 to 14Njplt 601/M,G[MNI,-2;next T~penlret

75s ibI *Fig. HYDROGEN CVAtil.PE RELEASE RATE'

76s fxd 0;plt 40N.A,-1Isbl 'RUN 00,V101
771 csiz15,.10
78s pit 40N,.9S>A,1I;ibI B8
79: fxd 2spll O,8t-,t 'MAXIMUM RATE'

80s plt 40N, .8A,-1*lbl Z," g/mnin/m I

S1, csiz ,.,./I0Il -N,.015A,-1jlbI '21scsiz .,510
82s p't 40#,.-A,-1,fxd 2;lbl *total released'
83s pit 4OH,.65A.1;I1bl 0,' 9/m

94& cml: 1.1.5,8.5/11,Dsiplt -N,.015A,-lsIbI 0201csiz151.10
85v pit 40t,.55A,-1%fyd Ijl *b-eat flux
862 fxd Iplt 40H,.5A,-lslbl Art],* w/crn
PR7s pit 4014.4A,1;l1bl *Sample area

88. fxd 5;plt 40N,.35A,-Ijl At21,*
89t csiz 1,1.5,8.5/11.0
90# pit 53H,.51A,-Iilbl '2'
31# plt 54.Z;N,.36A,-1;!bI '2'
'32: penIret
023403

go '02 Depletion Rate',

2s prt '02 Depletion Rate',~pc
3: dsp '02 Release Rate' pwait 300

5o dim WS(15,151
,Sr enp *D of run indiC12 )'IOJ
7j ent 'fins this been plotted beforo')',W
So dsp 'Have your plotter ready' Cont.';mtp
So 'xxxinf")W8(23
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11. drive 0
121 osgn WS(23,1,'0
13. sread 1AWSBSV,.4NC5,4
14, dsp *0o,,10, 0,OS,A*,"lt 1500
15s fxd Oiprt *Run#E,A10I,B*,ASjspc
16s dtov ZII91,G*(2MM3;d~m GEM141

171 32+128)C

199 gsb 'CACL'
20s 9 sb *AXES'
21s g~b 'PLOT*
22s gsb 'LASLEI
23s ant 'ANOTHER RUN," ,Xjif flg!3,9to *3
24r dsp 'CHOOSE PPOGRAM FRIM S.F.KEYI
25s stp ,gto -1

27t dsp 'SEE YOU NEXT TIME*;end

29c *AXES's
30s scl -12N,65H,-A/6,1.O5A
311 are 0,0,60,A/10
32a csir 1.5,1.5,1,0;fxd 01for 1.0 to 10spl -7N,IA/10,-l
33s fxd 0;1bl IA/l0gntxt I
34t pit 25,./0,;b Time Coin~)*
35s for 1-0 to 65H by 6O1plt I-N,-A'20.-1

36: fxd 0S1bl 1/601next 1
37, csiz 1.S,1.5.1,90jfxd 0
38s pit -10M4.4/4,-1
39s IhI '0 Depletion Rate (glm/m )',Ipen

41s ret
0421 *CACL',O)D

43v Oxxo2g1131
44t WS1I )WbSt3,1 , ea(W1l11)1
45. *igfl WS131,.0
461 sread 2,ZEII.G$
47s for Val to MN(t(S2-,K)ICO,1--I1-flnx K

48s for 1-1 to M4NC.[I/40+?1)G(I~lnext 1
49s Imp 2
50s 'TEM4P EFFE^T AIR rLOW )TEWI'
51s for 1*1 to 1MN;21-GECIPGCilgrext 1
52s for- 1-1 to MGrI/10OA41/4e13'2/.03205/298/A2I'GfI1jsxt Z

53. osmoothing It
54a for Jul to 4
55# for 1-1 to PI- 1 O!.C4IGJ2.C.1GI4)5GIte T Y~eat J

56s 0)?,for 1-1 to IMwkf G!I3>ZGCTJ)Z
57s next I;prt 'Max 02"jbpc ofat f6.2,x,gq/in/m42"jwrt 16,Zlspc
58& for Iw2 to Mt'sCGCI3*CC-1)'60/M/2/60*D Dinext 1

59s If ZVS0005000)AWi Z<200012000)Alif Z<l00411000)Alif Z(5001500

60s If Ze2001200)A,

62s If hI'ligto '7
638 for 1-1 to MM4Ilf AEMII-1-T.999)GCi3
64s ftm U6IJ1.*6a.E10000) G$2I-1,2!11next I
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65o 'i1302')W*141,MWrilbIW$14,1,leCW~rll)I
66o open blSI41,6
67. a9439% ~f 4 1 3.0
68# sprt 3.,ed"
69, ret

*701 *Time Delay C~irrection Use4 Before 6/1/80',
071t for lot to 14M-?l6'*Z1)Kjplt 6QI/.4,GCKJ,-2',ext Izpea;ret
72, *PLOT',tor 1-6 to tlP'plt 6O(l-5)/M,G1II,-&^,next Tipe"
73, for lo14t-6 to M",r,CNHMM11Iplt 61lGl,-;etlipenset
74, *LABLE',csiz .I.S.,1,Oplt 3#4,-A/6,1!
75o lbl, 'Fig. Oxygen Depletion Rate'
76s fxd 01pit 40N,A,1!;l 'RUM #*,A[IOI
77# csiz 1.5,1.5,1,0jfxd 0
78& pIt 40N,.95A,-11 1b1 8S
79. pIt 40N,.85A,-lqlbl @MAXIMUM RATE'
84o pit 40H,.8A,-1;lhl Z,6 S/min/m 0
81e csiz 1,1.5,8.5/11,0piplt -N,.015A.-lslbl *2*jcsiz 1.5.1.5,1,0
82: pIt 40N,.7A,-llfxd 211bl *total depletud'
83. fxd 0!plt 401,.65A,1,slbl D,* 9/0 a

84o csiz 1,1.5,9.5/11.0;iplt -11,.015A.-,ilbl '2'.cslz 1.5.1.5,1.0
85# pIt 40H..55A,-llfxd lIibI 'heat flux
86o fxd 11plt 40N,.5A,-1Ibi ACII,' w/cm
87. pit 40M,.4A,-13 1b1 '6ampie area
88o fzd 5;plt 40H,.35A,-1,lbl A[2l,"
8S& cuiz 115851,
90# pit 53N,.51A,-1itbl '2'
916 Flt S4.3N,.36A.-1,ibl *'
92, penIrot
31.279

0& 'TOTAL HYDROCARPOH '

2o .rt 'TOTAL HYDROCAROON O~spc 2
31 4xp 'T,3tal Hydrocarborn'toeit 900
4a dim A11,S8 B10 ECIS6 MNMt51 M(5
5s dim WOC 15,151
6o tap go of run in~dm~,..~,O1
7, ant 'Was this been plotted before7',U
8e dep, 'Have your plctter ready' Cont.'.,utp

letSI)MC,,le(SI)
110 drive 0
12o aig" W4921,1,0
13a spred 1AwA~*EOMNNC5,
14# dsp ',DAC0",$A~at1500
15o fvd 09prt *Run#-',AI1OI,EO,A*,spc
16a die ZCIOI,GOC2MW',dim GCMMI,Hr3033
17t dim T~t2PHR
ISo dep *'.... MORV1NG ........'%Sib 'CACLI
19# Sib 'AXES'
261 99b 'PLOT'
H1e Rob 'LOBLE'



22a ent 'ANOTHER RUH7*,Xjif fIgl3sgto 44

238
P4, dip 'CHOOSE PRO(ORAM FRCN S.F. VEV'

25. stp 19to -t
26a fet 16"';wrt i6,31.3t,31,31,31.31,31,31,31,31,31,31,3t,31,31,31

27t dip *SEE YOU 14EXT T114E*)stp

291 *AXES*&
30, .cl -12N.65",-A/6,.A5A
Z1s axe 0,0,6.0,A110
321 csiz I.5.1.5,S.5/1I,Osfxd 0%for 1-0 to 201plt -7t4,IA.10,-1

33. lid 011bl IA/I01next I

34t p~t 25H4,A/10,-1',lbi 'Time Coin)"
351 for 1-0 to 65H bV, 6O;plt IN-/0-
36a lid 011b. li601 vext I
37: csir 1.5.I.5,1,30;fxd 0
38s pit -1ON,A/4,-I
39a IbI 'T14C Release Rate (g/min/a )';pen

40s csiz 1,1.5,.77,901F!t -10.SN,Ai1.31,lgj~bl '2'
di*, pen,.et

0421 'CACL'.O)D
43t *xy8hc')IdS(3I
44: W$(W,'$s3,I,1en(W$[W3~
451 drive 0
461 asgn W$[31,2,0
47 sread 2,Z(V1,G$
4sfor K-1 to M~~tfj1K12)/00)1-'CL~nx K

*5i. for 1-1 to MH s21.852,'20.335GUf7..Ol4O3wGI1IA2)GrI2IG[II-z[8I)I?1,,,ext
521 for 1-1 to MHjIf GEII>ZvGfi1}Z
53t next J~prt 'Max THI''spc ;fmt f6,4x,'ppm'swrt 16,Z

548 jMP 2
55a ldf 12,T(w1
56: for 1-1 to MN1298)T~next I
57, fic 1-1 to Mh;,GE13/leGEA(41/4Ele3w16/.08205/T/AC23)0(13;wext I
58 0,71for 1-1 to MN~kr 'qC)),GIr1)Z

53j next ljfat fS.2,x,1g/min/a^2e;wrt 16,Zssp,:
Soo for 1-2 to Mti;(GI].GUl-1D)S0Jh/60/2.0Dinext I

61, if 7(500015O0W)A~if Z<200012000)Atif Z(I00011000)Alif Z<S0,500o)A

621 If Z(200%200)Adif Z(100,100)Alif Z<5015@)Atif Z(20;20)A

63# if Z<10;10)Alif Z<11})11f Z<.1,.1)Alif Z".G1 1 .01)A

64o if W'1;glo #7
65o for 1-1 to MNif GliJ(-Sg-5.9991GE11
66. fth CCGC1I.6)A.liE1000)G$C21-l.213,next 1
67& 'sxrhc')WSI4) 5MSCIIWt(4 .1, len(ICIJ1)
68t open WS143,6

69t agnu W$141,,0.
701 sprt 3,G*'*end'

721 'PLOT',for 1*10 to MMspit 60C1-9)/MG11.-2inoxt lipon

73. for t-MI4-10 to MHsplt 60I/M,GtMJl,-2incxt Isp*nsrqt

74. fr I&1 to 3005 101)HCliv~ext I
75a if MmIjqto *6
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76a for lot to 3001fti CCH(J141E)O.lE10000))T*C2i-1,21ignext I
77a 'xxho'W$t5]iWS[1))ISS.1 ,en(WSIIj)1
781 ope'i kIO(51,6
79. asgn W$[(51,4,0
80s sppt 4,T8,1end1
31s ret

93# ibI *FIG. TOTAL HYDROCARBON RELEASE RATE*
84& fxd Otplt 40H.A.-131bl 'PUN **,Arlo]

861 pit 40N,.95A,1Ibl 8$

871 pit 40N,.85A,-Iglbl 'MAXIMU14 RATED
*888 pit 40N .8A,-l;fxd OIbl Z,' g/min/m

891 cgiz l,1.5,8.5111,oip:: -N,.015A,-l;Il '21;csiz 1.5,1.5,1.0

Si i 40N,.65A,-1,lbl 0D' ?/m

921 csiz 1.1.5,8.5/11, giplt Nfl5?glI *;cfz 1.5,1.5.1.0
932 pit 4014,.51A,-1;fx 4 1IOLI OHEAT FLUX@
94s pit 40N,.5A,-1IlbI A11,* w/co* 1fxd 5

*95- pit 40N,.4A,-1;lbl 'Sample ae-a
96s pIt 40H,.35A,-lllbl A[2),' m

98s pit 52.gN,.51A,-l11b1 '2'IpIt 54H..36A,-lglbl '2'
99s pen;ret
W2934

Or 'Sample Temperature 'I
Is fat 16t,;wrt G 3 ,l 3 ,i33i3,13,133113.33;a
2a prt 'Samsple Temp ';so.c 2
3& dsp 'Sample Teepereture'lwait 900
4, dim A5lA(18[OE*6,r6.NNs5,5,c1id W411! 21
5c erp 'I of run I" disk Cl,2..)1",WSCI
6; ent 'Has this beon plotted befors?',a
7. dsp 'Have your plotter ready' Cont.';stp
81 'x~x~f)WS(?!
9, WSLI))W$[2.1lrVCW*II
L0, drive 0

*II 851 n a W~S(21,1,O
121 sread IAB ASE,*MHN15 M
131 dsp 'RIJ14D,AtIO3.' '8,', ',AS,.eit 1500
14t fxd O:prt 'Run~w',A1O1,B8,Ajspc
15t dim MMI
161 dim ZIIOI,OIr2MNI
17, dsp "'..... WORKING ............'sgsb 'CACL'
18s 9sb 'PLOT'
19# ent 'ANOTHER RUtI7',Asif flq13jqto #3
20s dop "CI4CSE PROGRAM FRO1M S.F.KEYO
21s stp ,gto -1
22s tint 16bswrt 16,3I,31,31.31,31.31,31,31,31,31.31,31,31,31,jl,31
231 dsp 'SEE YOU NEXT TIMC'Istp land
24t ,sb *PLOT'
25. 'PLOT'i
26o scl -124,65N,50,1550
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27. axe 0,25('.60.150
28? csix 1.5.1.5,1,O 1fxd 0
29s for I'2S0 to 1500 by t5Dsplt -8N.Z,-1,lbi '%next I
30: pit 25NH,145,-1rb1 *Time (aLn)*
311 for 1-0 to 65H by 661pIt J-H,200,-lIb1 T/60;next 1
121 'Slz 1.5,1.5J,1IOQfxd1 0
33. pIt -ION,5-50,-1
34, Wt' 'Temperature (K)"
35# for 1-1 to Mtl;plt G01/M,M(13,-2;next I1penigto 57

0361 *CACL's

38s WSr1J)WSC3,I1 en(W$(1)l
39, assn w~r"3i,2,0
40t 5cead 2,ZlNI,D*

041, -.009341.24.796,77B953r9]-.02615333Zc91-)2-ce
42v for 1-1 to MN
43, Citf(C4(21-1 ,21 D/1OCC0)*10-9)mCJJ

044, -.09842124.796778953Mr11-.o265333cv!lA2.Ir.I]zE9]INIII
45s M(I)*273.1)M(I]
46t next 1
4-. 'Front Temp of Sample in deg K If21's
48t if W-iigto *7
49t for 1=1 to Nif M(JJ<6;5.999)M1I
SO: fti(MI.).MOC)0CII~.x
5it 'xxmtem')WSE4I ,MSE1J)W$(4,1,len(W$LIl)I
52s open W1S41.6

53s asgn W4(41,3,0
54v sprt 3,D$,'end"
'55t for 1-1 to t1~iif M(II>ZjM'9[I)Z
56, next I;prt 'Max Temp'ispc jfmt f6.i,5x,''K'%wrt 16,Zgret
57s 'lable':

58s csi? 2,1.5,1,f1pe
S9, pit t5O-
601 IbI 'Fig. Back Sample Temper3ture
61, 15001A
62s fxd Ospit 40N,A,-1;Ibl 'PIN 00,A1103
63t cstz 1.5,1.5,1,0
64: p~t 40H,.95A,-1;lbI es
65: pit 404,.85A,-t;lbl 'r'AXIUM TEMPO
66s pit 40f4,.8A,-Isfxd 011b1 2,' K'
67s fxd Isplt 40H,.7A,-iIb1 'Heat Flux'
68v pIt 40N,.65A,-1;lbl All],' w/c.%"
69, fxd 51plt 40N,.55A,-I1b1 'sample ores,
70s pIt 40",.5A,-1bl AC21,* m
71# esiz1.58510
721 Pit 53.5N,.66A,-I1b1 '20spit ! 514.51A,-tsLbI '2'
73s dsp 'END'iret
31I2422
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Co 'NO-N~x RtIeose Rate 5/23/30 SNtl'
to fmt 1f5b;wrt i~isi-i 3 ~i 3 ,i 3 ,is.i 3 ,i 3 ,i~
2. prt 'N-O Nr Re'ease Rate,1pc
3. dip 'NO-H~x Release Patz',iwalt 300

Ss dint WS(15,t51
S: evnp *0 of r'jn inds(12.),SI
7: ert *Has this beer. plotted befo-el*,H
8& dip 'Have your plotter ready' Cont.',mtp
93, *xxAnf,)W$l2]
tO: WSIII)W*12 1.1en(WI1)
Ila drive 0
12. es~n WS1121,l,0
13o sreed .AE,,BisF,,,[51N
14& *Mode'tE1lT$
15& 'ppm Ranqe':valCF*))R
16a dip 'P'nF',A1lO,* *,BS,At;w'alt 1500
17s fxd 01prt *Run#-',Af1l]bBS,A~sspc
18, dim zrm,GS(2P1N';dim GIMN1
19: 32*128)Csfmt 6b,"WORK1H(0',6bjwrt 0,C.C,C,C,C,C,C,C,C,CC,C
20s Sib 'CACI'
21: Sib "AYES'
22# sib *PLOT*
23# Sib *LABLE*
24z ent 'ANOTHER RUN,)',X;if f1.g135gto 43
25: dip *CH00SF PR0GFAM FROMr S.F.KEY'1

261 stp 19 to -1

291 dip 'SEE YOUl 14EXT TIPF'!end
291 'a X13W* 41 &m~s~E~ NOW** i'
30? "AXES':
31: scI -12F,65M,-A/6,1.05A
321 axe 0,0,60,A/1.0

341 cskz l.5,l.5,l,Otfxd Xjfor 1-0 to 101pit -7N,ZA/10,-1
358 !bl IA/10;next 1

361 plt 25H,-A/l0,-1Ibl 'Time (min)"'

37& for '-0 to 6514 by 60;plt !-H,-a,20,-1
38: fxd Osibi I/601next I
391 csiz .5.,10f. 0
40s pit -10tl,A/4,-1
41v if TS.'HOx';lbl 'Nx Release Rate (giminim )';pen
42a kf T*S'';bIt 'NO0 Rtlee Rate (glmin/m )';pen
43s csiz 1,l.'..77,9Osplt -IO.75N,A/I.32,-l1bl '2'
44s ret

0451 *CACL't0)O
46t 'xrl~no')W$13]
4',1 WICI l)W1[3, , lenCWS( 12)3
48a sign W(31,2,0
49: greed 2,![wl,G*
50t for K-1 to MM~t($2-,K)1fO)1--EO)[lnx K
511 for 1-1 to MN;RS3(lEA(4JE30/(4U1e4S.08205E298W4!I2D)6[IJlr,.pt 1
521 0'Zlfor 1-1 to mNlif 01I))Z,1l1)Z
531 next
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54, if T*-"NOx',prt *Max NOx'jspc 3fmt 16.2 x,'q/w~n/a^m'j,t 16,Zjfr-:
55: if T*-'t40,prt *10aI NO"Ispc sfmt f6.2,x,"g/mi'./-^2'wrt 16,Z';spc
561 for 1-2 to M:I (G )1 tDG/t//0Dinx
57% if Z"5f00500"Atif Z22000%200O)Alif Z<10O01OO0VAWi Z5S0055O01
58. 1 ifZ-<200;200)A;if Z1(0011001Ajif Z(50158TAif Z<410,?0)A
591 if Z<I0!IO1Aif Z<1;IIA~if Z<.11.i)A
SCs if W'lrgto +7
61t for 1-1 to 1141Ngf GI-;599O
621 fti ((G1lI.6)A.l.100O0))G$C21-t,213;rext I
63& *xxgno')WS(4] ;WtrlJ)W*!4,1, len(WSCII)I

641 open WS(4],6
65t sgv. IdSr4),3,0
66& sprt 3,GS,'end*

67c ret

691 if ES$'N~x" MP 3
70. for 1-8 to MNjplt 60(1-7)/1O,GII],-2;next 1

071c for I-MN-P to Mfl;GMNJGTiJjplt 6OI/M,&fY),-2,next 11penlret
72s if EWH'O'jmp, 3
731 for I-It to~ VI-!.11p1' 60(7-1i)/1M.GCIlgnext 1
74& for I-MN-12 to MN;G(MH])1}j1t 601fM,G[1),-25 next 1,pe.
75c ret
761 'LABLE'scsiz 2,1.5,1,Dtplt 3H,-A/6,-t
77, if T$='Hflx'3 ibI " 'cig. tiOx Pe"eae Rate'
78: if Tt-N'C;l I Fig. Nitric oxide Release Rate*
791 fxd O;plt 40N,A,-llbl 'RUN **,ACIOI
801 csiz 1.,151 'fxd 0
81. pit 40M,.9S-^,1;lb1 8$
82t pit 40t4,.85A,-L;Ibl 'MAXIMUM PATE"
832 pit 40N..8A,-1;fxd 3;lbI Z,' gI.'in/m
841 fxd 0
85s csi 1,1.5,8.5/11,0,iplt -N,.015A,-1ilbI 1211csiz 1.5,1.5,1,0
86o pit 40M,..A,-I1bI 'total released*
871 fxd 3;plt 408,.65A,-1Ibl 0,' g/M'
88s csii 1,1.5,8.5/1i.0lipit -H,.015A,-1$ibl 928)csiz ... ,,
89: pit 40M,.55A,-Ilfxd 1;Ibi 'heat flux

911 pit 40tt,.4A,-1;lbl *Sample areaI
92# fxd 5;pit 40Vf,.35A,-1;Ibi A127,' r
93. ciii 1,1.5,9.5/11,0
94. pit 53H,.51A,-11lbI '2'

95o pit 54.3N,.36A,-1jlbI '2'

96a penlret
m29365

0s 'HCL PELEASE RATE 11/17't
1e prt *HCL Release P'.,te'
2o dim TS7(43
3. dim WtC 15,151
4s ent 10 if run in 'akI2 )~,S1
5. ent 'Ha!, this been plotted beforeo TS
6o dip 'Have your plotter ready! Cont.*,stp
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7s *'xxinf")W$121
So "xxI4CL*)WS(3]

Ill0. g WS( 12$31.Ie(W 1)

12& sreacd1PWSBSF ,,*13M

13. d~p a Pun0I= A(10J,B$.A*,veit 1500

14% 5pc 1fxd Osprt "Ru..E.',AC10],B1,Ajsgapc
15a dim Z'9],GSt2MNI;div xumt11,vtmNJ,wrmNi,urmt42,vcmmlPsrioi
16. if T$'01';gaS 'TTr
l7v if T$.'1';jmp 2
181 gsb 'DATA*
191 gab 'CACL*
20s gsb 'AXES'
21s ssb *PLOT'
22t gab *LABLE'
23o ent '41IOTHER R'JW"'X~if fIS1319to *3
24a dsp 'CHOOSE PROGRAM rROM S.F.KEY2

25. atp sgto -1
*26. fmt l6biwet:63,13,13,13,133133,1.,3sc

27t dsp 'SEE YOU HFXT TINE'lend
28t "AXES:r
291 scl -12N,65N,-A/6,1.15A
108 axe 0,0,63,A'10
31: csiz 1...,,Zf 1Ofor 1-0 to 101pit -7N,lA/1O,-l
32. fxc' Djibl IA/101rext I
33v q~t 2511,A/10,O,1IbI "Time (mitt)*
34o for 1-0 to G5,4 by 601plt I-N,-Ai'20,-l
35s fxd 9;lbl I/60;r,ext I

36s csiz 1.95i.5,1,301fxd 0
37a pit -IPN,A/4,-t
38t 1b] 'H'rL R-Isae Rate Cglmin/m )*Ipen

40s per..ret
041: "CACL'.
42s 600YP
43, if T$='1' 1 gto 'MAX*
44& for 1-1 to P
45o 'CI)HCI ;geclmiv":YZ I1U1.02843)Y(IJXCI]/60)XlI
46s next 1

047t 'Sink reagent; '5-al Gas Sample'.5)V;4516

048. "HCLwt/volCug/m1}/n3)Wreajent vol(mnl)/gas sample vol~al)'.
049o *Eairflow~m3-/min)/area~ma2))g/min/m^2'.
50o for 1.1 to PYriJElIV/GS,(A[4J/4)/AE2))W[11
'51. next 1
52. 'MAY's
53. 0):!for 1-1 to Plif WC1>Z;W[13)Z
541 next 1,fyrd 21prt 'Max HCLCoq/min/m"2),,",Z
55s enp *MAX Y-Scalel)',A
56s 0)D
197v for 1-2 to Pj,'W(Ii.W(1-l7)/2 *DiDjnext 1

581 if TS'1",jmp 2

601. penlret
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61s 'PLOT~ofor 1-1 to P-plt GO)WX(II,WIJJ,-21next 11pencret
6~21 'AELEicsir 2.1.5 1,01plt 3N,-A/6,-i
63s ibI 'Fig. Hydrogen Chloride Release R&tW
64. fzd 01plt 4fM~,A,-1;lbl *PUN 0",A1103
658 csaz 1.5,1.5.1,01fid 0
661 pit 40N,.95A,-1j)bl 9$
67c pit 4014,.9A,-1,;bl 'Total HCL Released'
68s pit 40MS85A,-1jfxd 111l D," 9/m"
69, csi! 1,1.5,8.5/11,0viplt -t,.O1SA,-ljlb1 '2;csiz 1.5,1.5,1,0
70t csiz 1.5,1.5,1,0
711 pit 4014,.7,A,-I~fw-: li1l 'heat flux
72, pit 40H,.7A, 1i1l All]," w/cm *Ifxd 5
73& pit 40H4,.6A,-1-Ib1 'Samaple area
74s pit 40H,.'54,-1*1bl A[2),* m
75s csiz 1,1.5.8.5,'41,0
76s pit 5?.SM,.71A,-1;l *2 "gpt 54tI,.56A,-1,lb! 82
77t pensiet
78t 'FTT',for 1-1 to SOO
79s fti ((Wli'*6)A.IUIOOOO))G6t21-1,2II
801 next I
8it openl W*131,6

82, asgn S312f
83: spit 2,GS,*end'
84. ret
85s 'DATA'&
86t ernt 'Seqence"*,P*
87s tnt *SEGENCE .. . ',c2jwrt !6,PS

99s tint #2.O,x,*P01NT*5wrt 16.D
901 tnt '*,x,'sec',2x,'ionuq/mli;wit 16
'31. e)R
9?. If R=11)~X[11,0)Yl13;D.1}D,1)E
93s for 11.#E to D
94: ent 'Time Csec)?",X[!1%next 1
95s for Isl.E to D
96t ent 'sample aonwt?( rl -u9/*l)",VrI]
97, next I
9Pr for 11.+E to D
99: tnt ,f2.0,2x,f3.O,2x~f7.3jvwr% 16.1-E,Xtll,YCI]
100: next I

102, for 1-1 to D
103, if XCIJ.SO0sjIMp 3
t14& If Y(1U=C;.OOO0OOOIIV[7
105t X Y *JXI1l(I/~!-~.1)

1071 for T*X(II to X1I+1I
108s T)IJ(T)
109: A*BU(T11V(TJ
110t nexit T
tits npxt I
112t for 1-1 to 6O0,UllJ)XtIjVCTI)yrIlnext I
1131 ret
114. 'ITF's
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It5t sign Wtr3l,t.0
11.sr, ad 1,0S

1171 fLor 1-1 to 600

119. I/60)XCIj
120: next I

0, 'HF RELU-SE RATE I1,Ie-'s
it prt IHF Release Rate'
Ps dimAlJACIBC0,t6,66 MNM(513MC1],i Tsr4I

3s dim W$115,153
4, ent 10 of ru' -nik(12 ~?,t1
5: ent *Has this been plotted beforeO,T$
So dip "Have your plotter ready! I~ont.lstp
7, lxxxinf")W$(21
R& OxxHF" 1 133

9. W$ll] )IIS2,1 ,1en(WR[1J)'
106 WSIl1)&d$3,1,len(WS(13)J

12: sread 1AK,$B,$V~.,,$13M
13s spc %fxd O1prt *Run#-',ACIOJ,BS,A$Ispc
14: dim ZlI0I,GS(2MN~jdlm XrP1N,Yr'4N,Wct-N,U(6G0,vC600,PECI
151 if T6'1',9sb 8!TF8
16. if T$-*1';jmp 2
17t gab *DATA'
181 gib 'CACL'
19. gab "AXES'
201 -sb 'PLOT'

21: gsb 'LABLE'
221 ent 'Ai~otier Runl','vilf flgl31gto #3
23r dip *CHOOSE PROGPAM FROM S.F.KEV'

25: lint 16bgwrt 16,31,31,31,31.31.31,31,31,31,31,31,31,31,31,31$spc *'

26s dip 'SEF YOU NEXT TIME';end
271 'AXES's

28. if Z<ICO:100}A;if Z<50iS0)Ajif Ze25;25)AuIf Z(1O,10}Alif Z<515)P
29? if Z<2.2)Alif Ze1,11A
30, gel -12N;65N,-A/6,1.03aA
31, axe 0,0,60,A/10
32s csiz i1,1.5,1,0%fxd 01for 1-0 to l0ipit -7t',IA/l0,-1
338 fxd li1l l1, next 1
34s pit 25N,-A/1O,-1.lbl 'Time (mi")'

35. for 1-0 to 6514 by 601pt l-N,-A!20,-1
361 lid 0:lI 1/60inext 1
371 csiz 1.5.1.5,1,90sfwd 0

38c pit -1ON.A/4.-1
39. IbI 'HF kelesse Rate (9/min )lip*u"
40s esiz 1,1.5,.77,901plt -11H,A/1.25,-1,IbI '2'
41t penpret

042# 'CACL's6001P
43s if T$-'1',to 'MAX*
44, for 1-1 to P
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45, Yr I WE. 10"0')v[I I$!![ 11/60 I(I
46s next I

047v 45I0 15)V
048s HFwt/volCih3.'ml)g/m3)treagevnt volC(l)Igas tbmplo vol~ml)"t
49s Emalrflow(m^3/ir)/area(m*2))g/mln/m^2u,
50s for 1-1 to PYr!]INV/GECA143/4)/A1)MgI
S1t next I
521 'MAX':
53: 0)Zjfor 1-1 to Piif I[1>)ZM[II)Z
54s next I;fxd 2,prt 'Max 1Fq/vn/ma2).u,Zjspc

55: enp 'MAX. v-scala',A
56s OID
57, for !-2 to PjCWflIuI[11)/2M#D)Djrnext 1
58: if TS-'1',jmp 2

59j esb 'FTIO
60t penlret
61s 'PLOT':for '-I to P;Plt C0X111,bIC1l,-2 1next Ispenlret

63: 161 'Fig. Hydrocgen Fluoride R'l ease Rate"
64s fxd Ospit 40H,A,-1,lbI 'RUN #',AllOI
651 csiz !.5,l.5.,0;Ofxd 0
66s pit 40N,.95A,-1lb! BS
67& pit 40H,.9A,-1 16 'Total HF Released'
68s plt 4ON,.85A,-ijfxd 1,Ibl D,8 9/,.).
9. csiz 1.1.5,8.5/11.0,iplt -IH,.Ot5A.-1,1bl *2*scsiz 1.5,1.5,1,0
70s csiz 1.5,1.5,1,0
71s pit 40H,.75A,-1;fxd lilbi 'heat flux
72s pit 40t4,.7A,-lslbl All],* w/cr. 'dixd 5
73, pit 40H,.6A,-1,lb1 'Sample area
74t pit 40N...55A,-1ibl A(21,' m
75s cuiz 115851,
76, pit 52.8N,.71A,-1,lbi '2'iplt 5414,.56A,-tllbl '2'
771 penlret
78, 'FTT':for 1=1 to 600
79s fti CCWI I136)a. 1E10000))Gsr2I-1 .21
80s next I
91s I4$t11}WSl3,1 , en(WS(I1 )
82t open WSC37.6
83s asgn W$[Z!1,2,0
84. sprt 2,G1,'end'
85s ret
86t 'DATA'.
027g ent 'Seqence1',P*
88. fmt 'SEQEF-CE... ',c2iwrt 16,P$
89s 101D
90, fmt ,f2.0,x,"POJ14T';wrt 16,D
91. fmt '#',2x,',ec' .2x,'ionug/ml1.wrt 16
92# 1)R
93, if '1X[10YID.D1E
94v for I'1.E to P
95s ent 'Time Csec)9".XUjjjrext I

96s for -l'1E to 0
97# ent "sample amount?(C F 'ug/ml)',Y[II
98, next I
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99s for I.1.E to D
100s fmt ,f2.0,2x,f3.0,2X~f7-3swrt 16,J-E,XlJ3,YLJI
101i nexet 1
102: if X(Dl<6001e0O)XIDol I Y[DI)VrD.131 D.1)W
103i for 1-1 to D
104, if xfrl.6001jisp 9
105s If Y1310%.OO0001)YCII
106s 'XI]YCI1]1-XCI.1)Y( I 7/(;tI )-X[I'1I))A
107, cyr1l-VtI.11)(XCI 3-X[T.13))9
108s for T-XEI1 to X(I11
109s TWtIT]
1101 A*BuETI)VrTJ
Ills next T

* 112s neext I
113s for 1-1 to 600jUCI3P(CJlgV[I3)YCI3jnext I
114s ret

*115s JITFs

117s ared 1,G$
118s for 1-1 to 600
1196 Cl tfCG$l2l-1,21 l,/2Q00)210-6&Jl I1
120, 1/60)X(1I
121s next I

3s "QCH0 REL. R 11/19's
Is prt *RCHO Release Rates

Z~s dim W$1l15,15]
4s ent 'U of run Ini dI-shCI,2..)?*,)*r11
51 ant 'Hasg this been, plotted beforel*.TO
6s dsp 'Have your plotter reedy! Cont.listp
7s 1xxxInf1)W1[2J
go "xxALD")WS(3)
93 US1]}M6(2,1 ,ler,(Wtfl(1

10, I8 ]N(, e(*1)
11 assn WI~21,1,0
12. sr-ad 1,ACII,A*,I1,E,FS,,M,NC15,'il
13s Tpc lfxd 01prt *Run#-1,A[10J,9$,A*,spc

* 14s dim ZZ1O),.$t2MN];dim XCMIt4,YM],kIC1tl,UCCOI,VCBOO],PICIOI
15s if T$I='1;sb *ATFI
16s if T*.1~j~mp 2
l 7s qgb *DATA'
le18 gab 'CACL'
19s gab *AXES'
201 gab *PLOT*
211 gib "LABLE'
22. ant 'ANOTHED RUNIO,Xlif fll3sgto, *3
23s dsp 'CHOOSE PROGRAM FR~OM S.F.KEY'
'?4s stp 1gto -1
25s fmt l6biwet l~~,l.l 3 ,l 3 ,l 3 ,l 3 .l 3 ,13sp ~~
26s dsp *SEE YOU NEXT TIME'send

27t end



28s *AXES* t
29. mci -12N,65N.-A/6.1.054
30s axe 0,0,6q),Ao10
31. csiz 1.5,.5,1..Ogfxd 0ifor 1=0O to 1@.p.Jt -7N4,!Aft0*-l

~326 fxd 21ibi JA/1O;nevt I
331 pit 25N.-A/1O,-l51b1 'Timne (ml")'
34s for 1.0 to 65H by 60iplt 1-t4.-A/2O,-1
351 fx.I OjibI 1/601next 1

36s ciz 1.5,1.5,1,9Ofxd 0
37s pit -ION,A/4,-1
381 IbI IRCHO Release Rate (9/minim )OlIev

391 ciz 1,1.5,.77,9O;plt -IIN,A/1.Z5,-1,Ibl '2'

40s poniret
@413 *CACL*:SO0)P
42s if TW-'1'gto *MAX"
43a for 1-1 to P
44a XII/60)X[11
45r next I

0463 5)V;45)0
0471 *ALDwt/vol(ug/ml)3/m3)Nreaeiet voi~mi)/gam sample vo!CmlIls

49s for ['1 to PYEIIl41EV/GC434/4)'A!2])WCI3
50. n'ext 1
513 "MAX*:
52. O)Zjfor 1-1 to Plif W[i1PZWFI1)Z
531 next :,fxd 21;prt *Pa RZII0Cg/mIn/m^2)-*.Zjspc
54s enp *MAX. Y-Scalel?*,A
55s 0)D~for 1-2 to Pj(WI1MI!-1l)/2M#D)Vjnezt Isren
58. if T1-'1';Imp 2
57. g9b *FTII
58s penlret
59. 'PLOT':far 1-1 to Pjpit 60XZ13,WCII,-2jnext 1gpenlret

61s Ib! OFia. Aliphatic Aldeh~yde Release Rate*
621 fxd O;pit 40H,A,-llIbl *PUIN f*,AI1OI

63s cmi: 1.5,1.5,1,01fzd 0
64s pit 40t4,.95A,-Islbi B$
65s pit 40H,.9A,-libl 'Tot-I Released'
66s pit 40H..35A,-1;fxd 1;IbI 0,@ 9"m*
67s cmiz 1,1.5,8.5/11,011plt -N,.OtSA,-1j1b: '2',emiz 15..
Gas emix .,.,,
69s pit 40N,.73A,-1;fxd isibi 'heat* flux
70. pit 40.A,.7A,-lgIbI A~t!,' w/cm *3fxd 5
71. pit 40",.6A,-1Ilb1 'Sample area
72v pit 40N,.55A,-1;lbI A121,0 P
73s cstz 115851,
74t pit 52.811,.71A,-1jlbl "2*lpit 54H,.56A,-1,lbI '20

75. penlret
76# IFTI'.for 1-1 to 600
77, fti (CWfrT.6)1*.lx1000flG,[2I-1,21i
78s next 1
79. W*(llfld*t3,1,len(W$(1l)l
8Oa open W$131,6
61. ass" W131,2,O
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182: sprt 2.6S,Iend'
83; r rt

85t ant "Seqmence1",P*
W;! fat "SEQEt1CE.. ,c2jwrt 16,P$
87s 10)0
88: fmt ,f2.0,x,*POIHT$Iwrt 16,1)
89. fen .x'e,2~u/lwt 16
908 1)R
91, If R*1,1)XrlJ,0)Y[11 aD#l}Dg1)E
92s for I-1+E to D
9,t ent 'Time Csec)?",X~lljnext I
94t for 1l.EC tc D
95a ent 'sample amsount?CRCHO-ug/m1)",YCI)
96t next 1
97, for 11.#E to D

*98t fet ,f2.0,2x,f3.0,2x,f7.3lwrt t6,1-C,XCIJ,Y[Il
991 n~ext I
100. if XCDJ<6003600)XED.1J,('Y[D}VID1310.)0
101a for 1-1 to D

* 102. if X1IJ=6i0OJjMP 9
103. if YEJJ=01.000001)Vril

!04s CYC I YI*IJ)(XC 1-XC !/(t132)9))

106t for T-XCI? to X11#11
107: T)UCTl
108s A.BU(TI)VrT]
109a next T
110t next I
Ills for 1-1 to 600;UCI)XJII)MYI);yext I
LIZ:. ret
1131 'TTF'I

115. sread 1,(P$
116. for 1-1 to 600
117a (itf(GSr21-l ,21J),10000)a10-6)WCJJ

119t next I
120. ret

Ov 0. CHO REL. R Il/19*s
Is prt 'RCHO Release Rate'
21 din r~~rlRtO,~6,sCJN4HCS11NC5~l T$C41
3s dim W$115,151
4a oct 00 of run in 1ki.)7,rtf
5: art "Has this been plotted before7',TS
St isp *Have your plotter ready! Cont.*Istp
7s "xxxlnsf1)W*C2l

So "zxALD"W$(3)

9. MSIII)hwfl2,1, Ien(WoFIJ)3
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11t as~n W~r2b,o~
12, sread1A(JABSE,,MNCS.S
13. spc lf xd 01,,.ri 'Run#-*',A(C101 8$Atlspc
14& dim Zr101,"C$2M4Jsd1-- X(IlNJY1MN3 WMMt4U[6001 V(6'401 P*[iO1
15s if TW$''9b 'ITFI

16s if T$-*i*:jmp 2
17# 99b 'DATA'
18s gutj 'CACL*
199 gsb 'AXES"
20: 95b *PLOT'
21s 95b 'LABLE'
22a ent 'ANOTHER RL3W1',Xjif flgl3igto, +3
23s dsp 'CHOOSE PROGRAM FROM S.F.KEY"
24s stp -,Sto -1
25t fmt 16bsw-t 16:31,31,31,31,31,31,31,31,31.31,31,31,31,31,31,spc rmut
26: dsp 'SEE YOU N4EXT TIME'gend
27s eTad
23s *AXES',
29v ncl -12M,65N,-A/6,1.05A
301 axe 0,0,60,P/10
311 csiz 1.5,1.5,i,0gfxd O1for 1-0 to l01plt -7N,IA/1O,-1
32, fxd 2jlbl IA.1Oinext 1
33: plt 25H,-A/10,-Illbl 'Time Cpmin)'

34. for 1-0 to 65H by 6Oiplt J-N,-A/20,-l
35s fxd Ojibl I/601next 1
36: ci12 1.5.1.5,1,9Oifxd 0
37v pit -1OD4,A/4,-l
38: Ibi IRCIHO Release Rate Cg/min/m, )'spen
391 csiz 1,1.5,77,91p' it P '.5-,b 2
40: per;ret

041s 'CACL*:SCG)P
42s if TS'1';gto "MAX'
43s for 1-1 to P
44& X[1'/60)XCI]
45a next 1

046# 5)VI45!G
@147s 'ALDwt/vol(uo/m1)q/m3)wreaqent vol(ml)/gas sample vol~ml)',
48: EMairflow~omrlmin)/area(mA2))gj/min/m*2,s
49: for 1-1 to PiY(I1E~wV/G*(A!47/4)/At2J)WryJ
50s next I
51a 'MAX',
52s 0}Z~for 1-1 to Plif WfT]>ZkJW[T]1Z
53. next Ijfxd 21prt "Max RCHO(g/min/m^2)w1,Z,,pc

541 enp 'MAX. Y-Scale)'",A
55: 0)DjFor 1=2 to P;(Wr11*WrtI1)/?M+D)Djnext Ispen
56s if T$'1'ijiup 2

58s pengret

59: 'PLOT'ifor 1-1 to Pjplt 60Xrl,t4CIj,-2jnext Ispensret
60s 'LABI.E':csiz 2,1.5,1,01pit 3,/:
61. 1bl "Fig. Aliphatic Al-iehyde RoIesse Rate'
62s fxd O1plt 40H,A,-IlgbI 'RUH 1",Ar1O3
63. csiz 1.5,1.5,1,0;fxd 0
64s plt 40N,.95A,1I:Ibl 88
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651 pit 40N..9A,-1Ibl 'Total Released'
66& pit 4014,.BSA,-1,fzd 1-IbI 0,* 9/m
67m cit 1.1.5,8.5/11,Dstpit -N,.OISA.-1Ibi *2*scalz 1.5,1.5.1.8

68a csiz 1.5.1.5,1.0
*69@ pit 40N,.75A,1,Ifxd isibi *tvest fluax

* I70@ pit 40N,.7A,-lbl Arn),1 w/cin wjfid 5
711 plt 40N,.6A,-libl 'Seple area
721 pIt 40N,.55A,-tIbI A[21,' m
73, esix ,..85z,
74. pit 52.9H,71A. -1111 *2,plt 54N,.56A.-1,1'bI *2

758 Pengret
76, *rTlator 1-1 to S00

78e next I

80t open W*133,6
Ole U59V1 W$131,2,C
82& sprt 2,GSIend"
83. ret
84v 'OPTA,
A~s ent *Seqence"P*
S6: fmt 'SEGEI'CE.. .,c2lwrt 16,P$
87s 1l11)
88# fat ,f2.0,x,'PC3HT*;wrt 16,0
A98 fmt "012x,"qec,2ZX,ionug/mP,;wrt 16
90. jIp

91, If R-l1 ,1X[I)s0)Y(1 I D.1)Dj1}E
921 for 1-I.E to D
93: ant *Time Cgec)?",YCI1,next I
94: for I-I+E to D
95v ent 'sample &aount?(RCH-uq/mI),Y[II
964 next I
97s for I-1#E to V
98, fin? f2.0.2x,f3.0,Zx~f7.3jwrt 16,1-E0X1JI.Y[1I

99; next I
100i if XIDI(600,600)XID.1IY[DI)YrD.1ID.1)D
101t for Tel to D
102: if X(JI600sJ imp 9

1034 if YCII-810,.OOOOOIIVI

1041 C(I IY(I11)/X I- X CJ.13ri )JBXt~]I

1061 for T-X(IJ to XCI.1I
107s M)IT)

*1081 A*BUCTI)VCT7
*109. next T

Il0$ next I
Ills for Tel to 60,U(113)XrIJ;VCZJ)YCIgnext 1
1121 ret
113o 'ITF'.
114, asgn W*131,1,0
115s, sreed 1,08
116s for 1-1 to 600

119, next 1
1201 ret
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@00 'PLAST:C FLOW METER FROGRAM':
It fxd 2
2o "trk,tape9,FlIel8*c
3:a ert 'BARO. PRESSURE Ifl.?,V
4& ant 'AIP TEMPEPATURE F!8,T
5o ant *TOTAI AIR FLCW*.'

06# ant *MLT. AIR FLOWI',M
7s prt 'AIR TEMPERATURE'*,T
9s O-M)K
So prt 'ADJ. AIR FLCW-*,'TlTAL-ML-a",K
10o Prt 'BAR3 PPE.-*,Vsspc 2
11: ant 'AIR PRESSURE lN."',P
12. O)WIO)H;O)O
131 dip "I AM WOPvIiKo.............U

14a T.460)T
15s 9t)4
161 fxd 3

017t I0.775662)A;381.6775 7)6, -14a2.8801'Cs2814. 175)DI-2116.44.'1}E
18. 'CAL.':
Igo H/2.54/P)X
201 P/T(*E*iX2DX3E1141
21a if G(K;.OO1 H)I4,gto 'CAL.'
22a food 2
23o T-460)T
24; Y.1)Y
25. 'PRT'.
26o prt 'AIR PRE."',P
27a prt "DELT-P cm-4,H

28& 41/2)W,
029s prt "ADJUST MERCURY TUBE AS FOLLOW:'
30s prt 'LEFT"*,50-W
31s prt *RlGHT'',50*W;9pc 2
32& dip 'Adj. 4S Tube& Check Air Pre.Corot.';stp
33: Y-1)Y
34& cf9 13,ent 'Has Air Pre. Change any?*,Y
351 if Yidsp 'Make another Adj.*Igto 11
36t dip 'CHOOSE FROM S.F KEY... ,CONT.";stp
37o end

*is 'TRANSFER EDATA FROM DISK TO REEL AND PRINT OUT 32080 S.4 L trl0,fil-14"o
1o fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31.31,31,31sfe?. stpe
2. prt 'Data Trarwsfer';spc
3o dip 'LOAD MAGNETIC REEL TArZ,cont.,istp
4r dip '....REWIN1DING. . .. 'swrt 704,13

6o dim 631B60,Sl0.Z9
7o dip wSr15,63,Ys[lo,1o1,3s70,EE6001,CS(4OJ
So ci~p 1 0 OF RUN IN THIS DISK171 *,kJ$I151
9a dsp 'Do you have the fol~owing filel'swe1t 1500
10i ant 'N~x',Y$(1),*tO,YS2J.NO2*,Y$r33,'HF',YI143,*HCI',S51'A' .'Vt(6

13o drive 0
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14# .sn1113,1,0
15& sread 1,AtB),AS,BS,ES.F8.M,N,N$(153,.M8
16a spe lfxd 0jprt *RuP*D-,AIIj0,O*,A*
17& 'Xxssmk')NStljs'xxgmas 'IN$[2J1xxhp-as})N*(33:'x24R*)NSI47
18s xzxpht')N$i51;*xmte*)Hr6]s'xxgcou)H8C73og002,o)040fSI
19# OxI3o2')NSI931 xghcn)NSC103,~xxghc')Nf'lI

209* Xxg3ROxt4SH$21 iXX9"G)f1$(13 1 xxgo2*H*(14 3
21# *xxHF*)Hfr411S*xxHCL)HNfS16xxALD')HSC173
221 pet ODATA IS WRITTIHC. ON..
231 for T-1 to 17
24s if T=121if YSCIJI1V,gto 31
251 if T-13;if Y$C210*1';Sto 31
261 if T*14;xf YSC13JE'I'9to 31
27s if T-151if Y11C470'ito ;;1
28# if Tl16gif Ysr5J0u1'7to 31
293 if T-171 if Y$rS)#1;gjto 31
30t Imp 2
31s 'EMPTY FILE*)N$[T7;for 1-1 to 60O0)CIhnjxt Ij9t3 57

321 M$)N$(T,1,IenCM$)]
331 drive 0
34s eugn NS[T1,,
35, v read 1,0$
36v for K-1 tr, 600 1(itf(D$r2K-1,2K])/1C000)A1O-6)E[KI
37t if EC(ZJ(0;01EIK]
38s next K

40.P if T-I;0)E
41t if T-2,2)E
421 if T-3tZIE
43. iS T-4;0)E
44s if T-5,0)E
45t if T-6101E
46# if T-7,17)E

47& if T89;13)E
48t if T.9121)E
49, if T.10jGIE
50. if T-11;19)E
51S if T-12,23'E
521 if T-131231E
53. if T-I4%231E
541 for I*I.E to 600#Ejif I')G00,Et6033)CI43;jrp 2
55s EfI3)C(Nl
56* H*1)H';next I
S7t g.qb *wrt*
59& next T
601 -3 9b lmkf*
61, *prt~tei *Need Read & PrintingV,.AlIf #19 1319to *3
62* 99b *raw*
63t gub *red'
641 d9F 'That's all for CIIAS/MATS !*len~d
65m 0wet',wrt 704,*B2000 W3 *
661 anhd 7,"?UX'Ifmt 1,z,elO.31for 1-1 to 600swrt 7ZF1.1,C[131 wat Isr-t.

671 Oamfrf'wrt 704,*Y *seat
6Av Oraw'rdsp *..REINDING.. . 8gwrt 704,0Q *spot
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C3a "red'sent '18M TAPEoF',A

70, ent "nATE*,C$
71a fmt ---------TArE,A,f!3.O3x,CATE,x,c2O, ---------

721 wart 7O2.A,CS
731 wtb 702,10
74, font
75, wrt 702,..................... DATA RECOVERING ...........
76:t wtb 702,10
77, tmt *RUNU ,f5.0,4x, DISK-RUN,f2.,-,c2,5x,153xuf4.1,W:/C?4ai"

79 'ant *ANY t4TE",G$

80m fmt *HOTE:',c30

81, wrt 702,GS

821 wtb -02,10

85: f.vr K-1 to I
84! for J-1 to 17 rL,,.

86a *tb 702.10;wrt 7C4,*82)48 R3

87. fr,t 2,z,fl05 for 1-1 to 600;red 705.2,B[Illnext I

P88 fmt

89s lprt'swrt 702,4FILE #'.JP* -,N$I.jl

90: Omt
91, wrt 7'2,'Firgt 50 points'

92: for 1-1 to 50 bs,' 5

93: lint 3,5e!5.3swrt 7238 ','Ii~!2,C*]8T4

94l next 1

95, fa~t
967 wrt 70,*Last 50 points*

97, for 1-551 to 600 by 5

* ~98m wrt72.,r8I:J8I JU3eu4
991 next r~next J
100: wrt 7U4,*Kl ;next K;aPtb 702,1O1ret

*101i "ITCswrt 704,'10 WI ',cad 7.'!J%'

1 021 'a'pt 4,z,fIO.3
1031 wrt 731.4,A[1021ret

104m 'Pfor 1-1 to 60010},CtIJ;next Ioret

423972
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CHAS/SATS COMPUTER PROGRAM PARAMETER IDENTIFICATION

N---LENGTH OF TEST TIME
M---DATA POINT
E$ ----- USED NO OR NOX
F--....WHICH CONC. RANGE IS USED FOR NO OR NOX
8$---SAMPLE NAME
AS---DATE
AC1] ---- HEAT FLUX (W/CM2 )
AC2] ---- SAMPLE AREA (IN2 M2 )
AC3] ---- AIR TEMPERATURE (c-,K)
AC-4]---AIRFLOW RATE (FM-CMM)
AC-5]---SMOKE FILTER F.S.
AC-6]---
AC-7]---INITIAL MASS (GM)
AC-8]---DMV/1OOGM MLU SENSITY
AC-g]---
AC-lO]--RUN NUMBER
AC-iI]--DISK NUMBER
Z[1]---Z[1o]

-BASELINE MV OUTPUT FROM CHANNEL I TO 10

DATA FILE CONTENT

FILE l-O RESERVE FOR MV DATA
FILE 16 SMOKE
FILE 11 MASS REMAINING
FILE 18 MASS LOSS RATE
FILE 19 HEAT R. R. (T.C)
FILE 20 AIR TEMP.
FiLE 21 SAMPLE TEMP.
FILE 22 CO
FILE 23 CO2
FILE 24 02
FILE 25 HCN
FILE 26 HC
FILE 27 NO-NOX
FILE 28 HEAT R.R. (02)
FILE 29 HCL
FILE 30 HF
FILE 31 RCHO

COMPUTER SELECT CODE IDENTIFICATION

702 --------- 7245A PLOTTER PRINTER
704 -------- DYLON 1015A
708 --------59309 HP-18 DIGITAL CLOCK
709 --------- 3495A SCANNER
722 --------- 3455A DIGITAL VOLTMETER

I -i
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APPENDIX B

This Appendix provides additional data for the personnel hazard limit concept.

1. Five minute (HL)S curves for fire gases.

2. Modifications of the Peterson and Stewart Co. (Carbon Monoxide) hazard
equation to form compared with CHI Program Hazard Limit Curve.

LIST OF ILLUSTRATIONS

FIGURE TITLE PAGE

1 HAZARD LIMIT CURVE - NO/NOx .................. 186

2 HAZARD LIMIT CURVE - HC..................................186

3 HAZARD LIMIT CURVE - HF-HBR .................................... 187

4 HAZARD LIMIT CURVE -S H . . . 187

5 HAZARD LIMIT CURVE - H2S ....................................... 188

6 HAZARD LIMIT CURVE - COC12, COF2 & ACROLEIN ..................... 188

7 HAZARD LIMIT CURVE - NH3...... .. . . .  . .............. . . .  189

8 HAZARD LIMIT CURVE - FORMALDEHYDE ............................... 189

9 HAZARD LIMIT CURVE -ACETALEHYDE .................. 190

10 HAZARD LIMIT CURVE - CO ......................................... 190

11 HAZARD LIMIT CURVE - C02.................... 191

12 HAZARD LIMIT CURVE - HCN ........................................ 191
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DERIVATION OF MODIFIED PETERSON AND STEWART HAZARD LIMIT EXPRESSION FOR HUMAN
EXPOSURE TO CARBON MONOXIDE IN AIR

The Peterson and Stewart equation developed to relate the quantity of CO
buildup in the blood versus the concentration of CO and the breathing rate is:

% COHb/liter - A% carboxyhemoglobin increase in blood per liter of
contaminated air breathed.

The equation recommended (Reference 22 ) is:

log ( A% COHb/liter) = 1.036 log (ppm CO) - 4.4793

Simplifying:

% OHb/liter = 101.036 log(ppm CO) -4.4793 X V (liter/min)

Where:

V =Hurran Lung ventilation rate at various levels of activity:

V = 6 liters/min at rest
= 9.5 liters/min light activity
= 18.0 liters/min light work
= 30.0 liters/min heavy work

To modify the above equation to the hyperbolic form used in the CHI program:

Ti sec = K (ppm-sec)
ppn (O

K was, by definition, related to a concentration of COHb shown to be related
to collapse, i.e.,:

% COHb at Ti = 46.5% COHb saturation in the blood

Then

Ti (min) = 46.5
(10) 1.036 log (ppm CO) - 4.4793 x V

Ti (sec) = 46.5 x 60
(10) 1.036 log (ppm CO) - 4.4793 x V

8.406 x 107
(10.854) og (PPM GO) x V

A plot of this relationship is shown in the Part I CHI report.
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APPENDIX C

FORTRAN FIRE ANALYSIS COMPUTER PROGRAM (FACP)

This Appendix contains additional information irelated to the FACP and its
development.

I. CHI FACP SMOKE EMISSION RATE ALGORITHM

II. WATER (STEAM) GENERATION ALGORITHM

III. GAS CONSTANTS USED IN PROGRAM

IV. IBM TAPE/TEST MATERIAL IDENTIFICATION

V. REPRESENTATIVE FACP PRINTOUTS

CHI FACP SMOKE EMISSION RATE FORMULATION

The conventional method for expressing a "concentration" of smoke in a layer
or through some viewing distance relates this quantity to optical transmission
or density:

O.O. = 10910 ( Oglo( = SLK (C-l)

Where:

O.D. = Optical Density
T = Percent Light Transmission through Pathlength L Meters
10/1 = Ratio of the initial light intensity to the Intensity over

path length
K = Proportionality constant, similar to the extinction

coefficient, which may be interpretgd as the optical cross
section of a smoke "particle" - 1 m/SMOKE.

5 a SMOKE concentration in "particles" per cubic volume.

Smoke is measured in the OSU HRR calorimeter using a photometer at the stack
outlet. The photometer is calibrated and measures the dynamic changes in
optical density of smoke concentrations flowing through its optical viewing
path. The formulation employed in the CHI computer program uses the same
emission rate calculation as currently proposed by Smith (Reference 1). As
output in the CHAS measurements, the concentration of SMOKE is calculated as
the "particles" emitted per cubic meter over a pathlength of 1 meter per
minute per md of test sample. A concentration in terms of "particle" of
smoke (SRR unit) is defined as the quantity contained in one cubic meter of
volume which will reduce the light transmission over I meter path to 10%.
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Based on equation C-i, the value of K then is:

K 0 10910 W 1  (C-2)

when S is expressed in units of "particles" per cubic meter. The light
transmission T, then can be related to the smoke concentration by substitution
in (C-i):

and solving for T

100 (C-4)

This states that the percent transmission for a concentration of one smoke
"particle" per m3 viewed over a 1-meter mathlength (SRR unit) would equal
10% ( = 1, L= 1). Two particles IermJ would give a trjnsmission of 100
(0.1) or 1%; three particles per m would gite 100 (0. 1)J or 0.001%,
etc.

The instantaneous SMOKE emission values output by the CHAS are input by means
of the IBM tape to the FACP as particles per second, SIN, entering each of
the 18 zones in the CFS (Figure 29) or as a well mixed concentration in the
total CFS volume (single zone program). An additional assumption is that the
flow of smoke is proportional to the tola gas mixture volume flow rate. The
smoke data from CHAS is calcjlated per m, of smoke whereas the panels burned
in the CFS were 24 ft 2 (2.2 en) so that:

SIN () . CHAS SSU AP
Sin m *2 60 sec/mi n

Where

CHAS SSU - Standard SMOKE uits measured instantaneously by CHAS
AP - Area of Panel, m-

SIN(M) - Instantaneous SMOKE "particles" per second into a zone per
panel.

AIR-- S[I] 0 PARTIC LES"

AIN E l GASES + SMOKE OUT

CFS OR CFS ZONE - -.
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SIN(I) flow in "particles" per second enters the CFS or any zone in the CFS
(per 20 zone FACP). Assuming that the smoke is nearly equivalent to the total
mixture weight flow, WM, divided by the mixture density, RHO. The
conservation equation describing the flow of SMOKE in terms of particles/ft

3

for each instant of time into and out of a zone or the CFS as indicated in the
above diagram is:

NM N
SIN - SOUT =S 1 ( RHIN ( OUTC-6)

RHOINRHOouT

Based on the area of material, AP, emitting smoke into a volume, V of the CFS
or a CFS zone, the equation for the rate of change of smoke concentration with
time can be written:

dS [1 . (% -SOUT x AP (C-7)

dt V

"Particles" of SMOKE (Panel)
Volume of Compartment

The subroutine FLODYN (Figure 29) calculates the S(1) out of the compartment.
The DIFFEQ SBR numerically integrates the difference equation, (C-6), and
calculates the net rate of increase or decrease of smoke "particles" per
second in the compartment. Integration of dWfferential equation (C-7) by the
RUNGKU SBR gives the S(I) "particles" per ftl after conversion to English
units, and calculates thr quantity of smoke in terms of transmittance over a
burn time.,

T 1(C-8)
100 SRR x 0.305

10 ' .02852

SBR ESTI then calculates the "Fractional Dose" in the Fortran Program using
Allard's Law, q,i.v.

The FD limit for smoke is limited in the calculations and plotting of the FD

curve of smoke to 0.4 based on the discussion presented in the Part I report.

STEM GENERATION

The computer program calculates the ppm concentration of each gas in terms of
the partial pressure ratio of each (ith) principal combustion product to the
total partial pressure sum of the air and the measured gases in the mixture
(Dalton's Law). Since each test panel was composed of a variety of organic
and inorganic (nonburning) materials, many organic chemical compounds are
generated by thermal decomposition during burn tests. These compounds are
constituted from differing quantities of the elements carbon, hydrogen,
oxygen, nitrogen, etc. and yield correspondingly different quantities of lower
molecular weight gaseous and liquid products in the regions near the burning
surface of the parent material.
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Thermal decomposition also produces carbon which can burn to produce CO or
CO2 depending on the temperature and the availability of oxygen. Smaller
amounts of higher molecular weight (liquid) organic products of combustion may
be generated as aerosol particles which are filtered out in the CHAS filters
during a test run and are not herefore measured by the hydrocarbon analyzer.

The chemical equation for the combustion of a hydrocarbon fuel is:

Cn H + x CA(02 ) + B (N2 ) + C (CO2 ) + h (020)] *

P1 (C02 ) 
+ P2 (N2 ) + P3 (02) + P4 (H20) + P5 (CO

+ P6 (CxHy) + P7 (NO .... Pi (6)

Where:

X = moles of dry air/mole of hydrocarbon
A a mole fraction of 02 in inlet air, 0.2095
B = mole fraction of N2 (and argon) in inlet air, 0.79
C = mole fraction of CO in inlet air, 0.00032
h Z mole fraction of H20 in inlet air

P1-P7 Z partial pressures of gas products
n,m,x,y a carbon and hydrogen atoms in fuel and unburned hydrocarbons

In this equation, the dry air input to the CHAS was relatively dry, so

humidity was neglected, and

Air - A + B + C - 1

The molecular weight for dry air used in the FACP was 28.9. The molecular
formulas of the unburned hydrocarbons, CxHy, and any oxygenated varieties
in the combustion products were not known. The composition of the unburned
hydrocarbons in the product mixture also was not known, so a simplified
calculation of the water (steam) generated as a major product was estimated
and added to the other gases to calculate the total pressure.

Carbon burns to produce:

02 + 2C - 2 CO (C-10)

or

2 02 + 2C- 2 CO2  (C-l1)

The CHx analyzer used in CHAS was assumed to measure the carbon number of
unburned hydrocarbons in terms of methane, CH4 (carbon/hydrogen ratio - 4 to
1), which when burned gives:

2 02 + CH4 m C02 + 2 M20 (C-12)

Subtracting (C-10) from (C-11) gives:

02 -2 C02 - 2 CO (C-13)
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and adding (C-12) and (C-13) gives:

3 02 + CH4  3 CO2 + 2 H2 0 -2 CO (C-14)

Rearanging to obtain H20:

2 H20 - 3 02 + CH4 + 2 CO - 3 CO2

H20 - 3/2 02 + 1/2 CH4 + CO - 3/2 CO2  (C-15)

The CHAS monitors measure oxygen depletion, and the concentration of CH4 ,
CO, and CO in real time. The other gases and products (not measured) were
neglected In the FACP calculation for water (steam).

GAS CONSTANTS USED IN FACP

The gas constants input as independant variables in the FACP are listed in
Table C-1.

TABLE C-1
GAS CONSTANTS USED IN FACP

FACP GAS MOL.

NO. FORUNLA WT. Cp R' AMAX*

1 02 32 0.217 48.3 1

2 N2  28 0.247 55.2 1

3 CO2  44 0.205 35.1 4500

4 CO 28 0.243 55.2 144

5 NO 30 0.24 51.5 14.4

6 HCN 27 0.24 57.2 2.88
7 HF 20 0.335 77.2 8.64

8 HCl 36.5 0.185 42.3 1.5

9 RCHO (HCHO) 30 0.24 51.5 3.0
10 CHx (CH4) 16 0.525 96.0 1

A N4AX a K value limt established by hazard limit analyses and used to

calculate the FD's and CHI values, % sec

R' - Universal gas constant/M.W. of gas, lb ft/lb OR

Cp a Heat capacity at constant pressure, Btu/lb OR

IBM TAPE IDENTIFICATION

The data from the CHAS runs transferred to IBM 7-inch tape are identified for
reference purposes in Table C-2.
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TABLE C-2

IBM TAPE/TEST MATERIAL IDENTIFICATION

HEAT FLUX PANEL MATERIAL & TAPE NUMBER
BTU/FT2 SEC W/CM2  13 4

2.2 2.5 - BA 482 BA 475 BA 479

3.08 3.5 - BA 476 BA 478 BA 480

4.41 5.0 BA 484 BA 474 BA 483 BA 477

REPRESENTIVE FACP PRINTOUTS - SINGLE AND 20 ZONE PROGRAMS

The FACP prints out various hazard concentrations changes in rate of surface
temperatures, fractional doses and CHI (escape time) values at 5 second
intervals.

The 20 zone program was formatted to print out all parameters at the time the
summation of all FD's = 1.

The single zone program prints out values only at 5 second Intervals or other
intervals, if required.

Tables C-3 ad C-4 show FACP 20 zone printouts for Panel 4 run at 4.41
Btu/ft 2 sec heat flux; Tables C-5 is representative of FACP single zone
printouts for the same material heat flux. It should be noted that the 20
zone printout has been formatted with 10 zone columns of output data per page
while the single zone program prints the output data serially in separate
5-sec data blocks for each parameter in a column.

The abbreviations used in these printouts are identified as follows:

CHI = Summation of all hazards FD's
Flow - Gas and smoke flow, lb/sec
Wall Temp - CFS wall temperature, OF
Air Temp - CFS air temperature, OF
DTA/DT - Rate of change of air temperature
SMOKE FD - SMOKE Fractional Dose
02 P - Oxygen partial pressure, ppm
N6pP= Nitrogen partial pressure, ppm
C 2 P = Carbon dioxide partial pressure, ppm
CO2 FD - Carbon dioxide fractional dose
CO P - Carbon monoxide partial pressure, ppm
H20 = Water (steam) partial pressure, ppm
etc.
SMOKE or - Smoke transmittance, %T/lO0
TRANS
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